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Introduction. 

In  carrying  through  these  tests,  we,  as  the 
experimenters,  had  two  tr.ings  in  mind.   First,  v;e 
wished  to  get  definite  infor^aation  as  to  the  fuel 
economy  and  the  efficiency  of  a  typical  automooile 
gasoline  engine,  as  well  as  the  variation  in  horse 
power  and  torque  with  the  speed  of  rotation,   Sec- 
ond, we  wished  to  investigate  conditions  in  the 
cylinders  of  this  engine  during  these  experiments 
■fay  means  of  indicator  cards. 

To  accomplish  the  first,  we  proposed  to  run  a 
series  of  tests  upon  the  engine,  determining  the 
desired  quantities  for  different  loads,  ana  iroiii 
XQubo  beaot*,  to  plot  ciirves  shewing  their  varia- 
tions -v7ith  the  loads. 

Tc  ma>-e  the  second  possible,  it  was  necessary 
to  provide  some  means  for  taking  the  indicator 
cards  otner  tnan  the  ordinary  gas-engine  indicator 
on  accent  of  the  high  speed  of  the  engine.   For 
this  purpose  we  used  a  manograph,  which  vve  found 
necessary  to  alter  to  meet  tae  conditions.  Ihe 
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adapting  of  the  manogr-.ph  to  meet  these  conditions 
required  considerable  tbought  and  work  and  was  in- 
cluded as  a  part  of  the  thesis. 

Outline  of  Tests. 
In  regardto  the  first  part  of  the  thesis,  namely, 
the  efficiency  and  economy  tests,  we  decided  to  con- 
duct eight  tests,  each  test  to  supply  the  necessary 
data  for  the  establishing  of  a  point  on  each  curve. 
To  this  end  eight  tests  were  run  v/ith  the  following 
readings  recorded, 

1.  Gross  brake  load  in  lbs. 

2.  Speed  of  rotation  in  E.P.M, 

3.  Initial  and  final  v/eights  of  gasoline  in  the 
feed  tank,  lbs. 

4.  'Velght  of  cooling  v/ater  used,  lbs. 

5.  Inlet  cooling  -.vater  temperature,  °  F 

6.  Outlet  cooling  v.ater  temperature,  °  F 
7.  Time;  hours,  minutes  and  seconds. 

The  following  constant  quantities  were  also 
recorded. 
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1.  Tare  weight  of  bi-ake  arm  and  stand 

2,  Length  of  brake  arm. 
5.  Room  temperature 

4.  Heather  conditions,  i.e.,  barometer,  cloudiness, 

temperature,  and  wind  direction  and  velocity. 
From  this  date  the  follov;ing  ^[uantities  were  cal- 
culated. 

1.  Morse  Power 

2.  Gasoline  Ccnsumijtion  Hate. 

3.  Torque 

4.  Heat  "Consumption  Rate 

5.  -Per  cent  Heat  Lost  to  Cooling 

6.  Percent  Heat  Lost  to  Raciation,  Exhaust,  etc. 

7.  'Thermal  Efficiency. 

Incidental  to  these  tests,  the  valve  timing 
diagrams  for  ths  di-'ferent  cylinders  were  dravm 
and  the  heat  value  of  the  gasoline  was  determined 
from  the  Ivlahler  Bomb. 

In  connection  with  each  test,  manograph  cards 
were  taken,  and  the  best  of  these  selected  for  each 
test.   These  representative  cards  were  discussed  in- 
dividually, and  the  relative  pressures  scaled  and 
recorded  on  those  cards  which  we  selected  as  average 


cards. 

OTjsexvations  and  Conclusions  from  the  Tests. 

From  the  results  from  the  first  part  of  the  tests, 
we  came  to  the  following  general  conclusions. 

1.  That  the  fuel  economy  of  this  engine,  start- 
ing with  a  light  load,  increases  with  the  increase 
of  load  until  a  load  of  approximately  35  H.P,  is 
reached,  when  further  increase  of  load  produces  a 
decrease  in  econom;/  of  fuel. 

2.  That  the  best  economy  of  fuel  for  this  engine 
under  the  existing  conditions  is  .593  lbs.  of  gaso- 
line per  B.H.x.  per  hour. 

3.  That  the  horse  power  of  the  engine  increases 
v/ith  the  speed,  tending  to  come  to  a  maximum  at  a 
certain  definite  §peed. 

4.  That  the  torque  rises  v.'ith  the  speed  imtil  a 
maximum  is  reached  end  then  drops  off  with  a  further 
increase  of  speed. 

5.  That  the  iiighest  thermal  efficiency  of  this 
engine  ,  under  the  existing  conditior.s,  is  22.92 
per  cent. 


5 
From  the  second  part  of  the  -xperi-nent  ,  tlie 
following  conclusions  are  drawn. 

1.  Ihat  an  optical  indicator  is  the  only 
satisfa-tory  means  of  determining,  the  conditions 
v/ithin  the  cylinders  of  a  high  speed  gasoline 
engine,  yet  produced. 

2.  That  a  manograph  can  be  made  to  give  satis- 
factory results  in  actual  practice  if  constriicted 
upon  the  proper  lines. 

S.xhat  the  arc  light  is  the  most  satisfactory 
source  of  illTixninstion  for  the  manograph. 

4.  That  the  cycle  of  events  inside  a  high  speed 
gasoline  engine  cylinder  is  remarkably  regular  and 
uniform. 

5.  That  the  manograph,  while  not  furnishing  accurate 
record  of  the  pressures,  is  very  useful  and  reliable 
in  recording  the  actual  performance  of  the  eye  e  and 
in  pointing,  any  defects  in  the  cycle. 

6.  That  with  a  properly  constructed  manograph,  long 
and  tedious  developing  of  the  card  photographs  is  not 
neceesary,  four  minutes  being  sufficient  ".'ith  the  prop- 
er appliances. 


iPesorlption  of  tbe  Engine. 
The  "motor  which  was  the  subject  of  these  tests 
was  a  "Model  H.  A,  Rut  enter"  motor,  manufar'tured  Ly 
the  Western  Llotor  Co.  of  Marion,  Ind.   It  is  a  four 
c;;/linder,  four  cj/cle,  "I"  head  motor  of  the  pcopet 
valve  type,  having  a  tore  cf  4-1/2  inches  and  a 
stroke  of  5  inches;  total  piston  displacexiient  318 
cu. in. 

It  is  rated  32.4  A.  L.A.I.:. ,  at  1000  R.P.i:.  and 
is  called  a  35-40  horse  power  lactor.   The  inlet  and 
exhaust  valves  are  the  same  size,  2  inches  dia.  with 
a  valve  opening  dia.  cf  l-S/a  inches.  It  carries  a 
fly  wheel  of  16-5/8  inches  dia.  and  4-7/8  inch  face 
and  v;eighs  complete   450  lbs. 

The  oilinb  is  h  ;  a  ijositive  gear  pump  and  a  con- 
stant crank  case  level  splash  sycte.i.   An  indicator 
integral  with  t.:e  Ui.per  crank  case  and  consisting  of 
a  ball  float  v/ith  an  indicating  knob  sliding  up  and 
down  in  a  glass  sieht  tube,  shows  the  level  of  the 
oil  in  the  pan. 

The  engine  is  water-c  oled,  a  small  gear  puiup 
run  from  the  crankshaft  supplying  the  water  under 
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pressure  to  the  cylinder  "i,vater  jackets. 

Cut  xlo.  1  shov/s  the  m&gneto  side  of  the  engine 
with  the  magneto,  the  distributor,  the  oil  strainer, 
and  the  oil  level  indicator  plainly  evident.   Cut  Ho. 
2  £,ives  a  view  of  the  valve  side  of  the  engine,  with 
the  inlet  ana  exhaust  r;;anifolds  shovm,  also  the  '..-ater 
pump  and  connections.   l"he  carbureter  is  fastened  to 
the  flange  shown  on  the  inlet  raanifold.  Cut  Ho.  3 
shows  a  partial  cross  section  of  the  valve  side  of 
the  engine.   From  this  view  an  idea  of  the  construct- 
ion of  the  valves,  pistons  and  rods,  and  the  cranks 
can  be  obtained. 

::he  carbureter  used  v.-as  a  "Schebler  ^i.iodel  1" 
made  by  the  uheeler  and  Schebler  Co.,  Indianapolis, 
Ind.  Cut  IJo.  5  shows  a  detailed  cross-section  of 
this  carbureter  v;ith  ti.e  various  parts  named. 


Models   W  RA   and   U     Cross   Section   Valve  Side 


CUX  NO.^. 
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Description  of  the  ::ano^,raph. 

■The  manograph  was  made  ty  J.  Carpentier  in 
France.   It  consists  mainly  of  three  parts;  first, 
the  source  of  light,  which  Vv'e  supplied  by  an  arc 
light;  second,  the  rairror  with  its  raechanism;  third, 

the  box  with  its  prism  and  lenses  to  conduct  the 
light  to  the  mirror,  i.s  glass  screen,  and  its  tri- 
pod stand. 

As  a  source  of  light  we  tried,  first,  a  tungsten 
filiament  electric  light,  with  the  apparatus  arranged 
as  in  Fig.  1.   light  from  the  tungsten  filament  passed 
through  t-.e  pinhole,  P,  and  fell  upon  lens  L]_,  which 
v;as  placed  at  its  focal  distance  from  the  pinhole.  The 
light  made  parallel  by  lens  L]_  passed  to  lens  l£,  v;hich 
had  a  focal  distance  equal  to  the  total  path  from  its 
center  to  the  screen,  by  way  of  the  prism,  £,  and  the 
mirror  M.   7/hen  this  arrangement  was  tried,  it  was 
found  that  mirror  M  was  concave  and  a  flat  mirror  was 
substituted.  A  spot  of  light  w^.s  obtained  but  it  was 
large  and  h&zy  and  would  not  affect  the  fastest  f ;"ms 

fie   could  buy,   ',7e  therefore  decided  to  try  an  arc 
light  and  after  some  experiruenting  arrived  at  the 
arrangement  in  Fig.  2.   Light  from  the  crater  of  the 
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are,   which  v/as   constructed  7/ith   the   carbons  at   90° 

to  each  other,  falls  upon  lens  L,  ,  and  L]_  being  at 
its  focal  distance  from  the  arc,  the  light  is  made 
into  a  broad  parallel  beam.  The   pin-hole,  P,  alloY;s 
a  single  element  of  this  beamto  pass  into  the  box 
and  fall  upon  the  prism  K   which  deflects  it  to  the 
concave  mirror,  M,  from  7/hich  it  passes  to  the  screen. 

7/ith  this  arrangement  we  got  a  small,  very  intense 
dot  of  light  with  only  a  very  slight  haze  which  did 
not  affect  the  cards  to  any  extent^   The  arc, being, 
roughly,  200  times  as  intense  as  the  tungsten  fila- 
ment, gave  us  correspondingly  brighter  spot  of  light. 
V/ith  this  spot,  we  found  that  only  one  cycle  on  a  card 
v/ss  distinctly  visible  and  a  development  of  but  four 
minutes  ^.ave   satisfactory  results. 

As  regards  the  second  part  of  the  instrunient ,  ":he 
mirroT  and  its  mechanism,  the  mirror  is  mounted  upon 
three  points.   One  of  these  points  is  stationary,  one 
moves  in  accordance  v/ith  the  pressures,  and  the  third 

moves  in  relation  to  the  movement  of  tiie  piston  in 
the  cylinder.   The  second  point,  the  one  actuated  by 
the  pressurefe  in  the  cylinder,  is  pushed  in  or  out  by 

a  thin  circular  :-etallic  disc,  v/hich  is  e^cposed  to  the 
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pressure  of  the  ^ases  through  a  tu'oe  leading  to  the 
cylinder,  and  deflects  accordingly.   This  disc  is 
what  might  Le  called  the  "heart"  of  the  iastriunent . 
It  is  calibrated  for  different  pressured  and  corres- 
poncs  to  the  spring  in  an  indicator. 

The  third  point,  the  one  which  moves  in  relation 
to  the  piston  of  the  engine,  is  connected  vilth   the 
crankshaft  of  the  engine  fey  a  flezihle  shaft  and  it  is 
put  in  step  with  the  piston  "by  n:eans  of  the  screw,  S, 
which  changes  the  angularity  until  the  piston  and  mir- 
ror are  in  step,  tne  proper  relation  "being  found  cy 
watching  the  card  while  screv;  S  is  being  adjusted. 

The  mancgraph  boz  is  -.iiade  of  wood  and  the  prism, 
X,  is  mounted  so  that  it  may  be  turned  about  a  vertical 
axis  so  that  the  beam  of  light  can  be  centered  upon  mir- 
ror, Li.  ±he   glass  screen  slides  in  grooves  in  the  end 

of  the  box  and  may  be  replaced  by  the  plate  holder. 
The  tripod  screws  on  to  the  bottom  of  the  box  ai-d  is 
built  solidly  to  stand  Vibration. 

description  of  the  Apparatus. 
The  apparatus  consisted  of  the  following. 

1.  Brake,  with  its  stands  and  scales. 

2.  Gasoline   tank  with  its  stand  and  scales. 
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3.  Water  tanks  with  their  scales 

5.  Thermometers; ,  one  for  inlet  cooli.:'£-  v.-ater, 
and  one  for  outlet  cooling  v;ater. 

6.  rtevolution   counter. 

7.  V.atch 

The  "brake  was  an  Alden  Dynamometer,  its  shaft 
connected  to  the  engine  shaft  by  a  coupling.   The 
"brake  consists  of  a  cast  iron  disc,  ke:;ed  to  the 
shaft,  and  running,  "bet?,?een  tv^^o  copper  discs  ..ith 
a  film  of  oil  over  the  rubbing  s-^rfaces.  T;.e  discs 
are  mounted  in  a  casing  and  are  exposed  to  v/ater 
pressure  which  presses  them  against  the  revolvixig 
cast  iron  disc,  producing  the  necessary  friction. 
Since  the  co^iper  discs  are  rigidly  connected  to 
the  casing,  the  casing  tends  to  revolve  upon  the 
application  of  v/ater  pressure,  and  the  brake  arm 
being  fastened  to  the  casing  can  be  supported  on  the 
.  scales  in  the  same  maunor  ao  a  Prony  brake  ana  "cuw 
turning  effect  measured.   The  compartment  between 
the  copper  discs,  in  which  the  cast  iron  disc  revolves, 
is  cloeed  off  from  the  inside  of  the  casing  v/hich 
holds  the  water,  and  contains  a  bath  of  oil.   This 
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brake,  in  connection  v/ith  the  constant  pressure 
from  a  stanaplpe  in  tu-  building,  workad  very 
satisfactorily.   A  ?airwa:.iV3  a^alas  v;ag  Uood 
with  the  brake  and  read  to  tenths  of  a  pound. 

The  gasoline  tank  held  about  five  gallons  of 
fuel  and  y;es  supported  on  a  pair  of  small,  100  lbs. 

Fairbanks  scales,  reading  to  hundredths  of  a  pound, 

resting  upon  a  stand  above  the  carbureter  level. 
Cooling  T;ater  was  taken  diredtly  from  the  city 
mains  and  after  passing  through  the  engine,  flowed 
to  two  tanks  shovm  in  fig.  3.   These  tanks  each  had 
a  capacity  of  1500  lbs.  of  water  and  were  placed 
upon  Fairbanks  scales  reading  to  tenths  of  a  lb. 
They  vjere  provided  with  suitable  valves  and  piping  to 

discharge  into  the  sewer. 

The  thermometers  v/ers  niunbered  I  and  II,  number 
I  going  in  the  inlet  cooling  v/ater,  and  numfeer  II  in 
the  outlet  cooling  water.   These  thermometers  read 
in  degrees  F  and  were  carefully  calibrated  and  found 

correct. 

Fig.  3  shov/s,  diagrammatically ,  the  arrange- 
ment of  the  apparatus,  and  Photos  1,  2,  and  3  show 
clearly  the  apparatus  as  it  looked.   Photo  1  shows 
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the  apparatus  viewed  just  to  the  right  of  the  front 
of  the  engine.  Photo  2  shows  a  view  from  the  left 
of  the  front  of  the  engine,  and  Photo  3  shov7S  a  rear 
viev/  of  the  apparatus. 
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Determination,  of  the  Heat  Value  of  the  Fuel. 
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Determiaation  of  the  Heat  Value   of  the  ^-uel 
Specific  Gravity  of  Gasoline; 
Degrees  Baume    64.9 
Temperature  correction  1.4 
Corrected  value  63.5° 
CorresponcLing  Spec:':"!'!  Gravity  0.72545  B.T.U. 
per  lb.  from  Eppirical  Formula; 

B.T.U.    /high  value)-- 18650+ 40fB°-10)   v.here  B 
Baiirne    degrees. 

B.T.U. =  18656+40(65.5-10) 

-  20,790  B.T.U.  per  lb. 
B.T.U.  per  lb.  from  Mahler  Bomb  Test; 

Weight  of  capsule  and  wire    .0964  gm. 
Weight  of  capsule  and  gasoline  .2000  gm. 
Weight  of  gas:-ine  sample   .2036  gm. 
Volume  01  v.ater  xtx  oalorimeter  2200  c.c. 
V/ater  equivalent  of  bomb         512  c.c. 
Total  water  volume       2712  c.c. 
Heat  value  of  capsule  46C0  calories  per  gm. 
Weight  of  one  capsule   ,06793  gm. 
Heat  value  of  capsule,  net,=  .06793  x  4600=312  cal, 
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Radiation  Rate  Before  Explosion. 

(readings   evsry   1/2   min.    for    5  mins.) 
Time  Terap 


5.68°    -    3.66°=    .02° 


3:05 

00 

3.66 

3:05 

50 

3.67 

3:86 

.00 

3.67 

3T06' 

"30 

3.68 

3:07 

.00 

3.68 

3:07 

30 

3.68 

3:08 

00 

3.68 

3:08 

:30 

3.68 

3:09 

.00 

3.68 

3:09 

.50 

3.68 

.02    =       .004°   G   per  min. 
~5~ 


--leat    :f  Explosion   of  BomlD 
Time  T  era'P . 


3 

:1C 

GO 

3.680 

3 

•10 

30 

3.800 

3 

111 

00 

4.300 

3 

11 

30 

4.570 

3 

12' 

00 

4.610 

3 

•12 

30 

4.618 

3 

:1S 

00 

4.620 

3 

13 

30 

4.621 

3 

:14 

00 

4.621 

3 

:14 

30 

4.621 

4'.621°    -   3.680°=     .941   0°      Rise 


Radiation  l^ate   after  Explosion. 


'lime,. 

u-errr^. 

3:15 

"00 

4.621 

3:15 

30 

4.615 

5:16 

00 

4.610 

3:16 

30 

4.610 

3:17 

f^  r\ 

4.6O9 

3^:1^^ 

:30 

4.608 

3:ie 

Qu 

4.6O5 

3:18 

50 

4.  600 

3:19 

:00 

4.598 

3:19 

30 

4.592 

4.621°    -    4.592°  =     .029° 

.029      =     .J058°   0   per  min. 
5 
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'Correction  for  Radiation. 

Temperature  rise    .941"  G 

Time  of  temp,  rise   4  min. 

Radiation  rate    .0058°  per  min. 

True  rise  in  Temperature  =  .941+  4  x  .0058  =  .9642°  ''. 
Heat  developed  by  '^omlDUstion: 

.$642  X  2712=2612  "Calories 

lieat  value  of  capsule  =  312  calories 

lieat  value  of  gasoline  =  2300  calories;  neat  value  of 

sample. 

Meat  value  of  sample  per  gm. : 

2500  =  11,297   calories  "oer  gm. 
.2036 

Heat  value  of  sample  in  B.T.U.  per  lb. 

B.T.U.  =  11.297  g  553.59  s=  20,200  B.T.U.  per  lb. 
253 

Since  with  the  combustion  of  1  lb.  of  fuel,  approximate- 
ly 1.4  lbs.  of  ",7ater  is  foriiied,  and  since  this  necessi- 
tates the  e:^:penditure  of  15C0  B.T.U.  the  lov/  value  of 
the  gasoline  is, 

20,200  ^  1500  =  18,700  B.T.U.  per  lb. 
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Test  HumlDer  One. 

Index 

Condition   of  Test pg.  E6 

Load pg.  26 

Speed pg.  26 

Atmo  spheric Pg.  26 

Running  Log  of  Test pg.  29 

Calculations pg.  26 

Finished  Log  of  Test pg,  30 

Cards pg.  31  and  32 

Discussion  of  Test pg.  33 

lest pg.  33 

Cards pg.  33 
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Test  lT;imber  One  v.as  performed  with  the  brake 
set  at  the  lowest  load,  namely  25  lbs.  nit  on  the 
scales,  making  a  ._,ross  scale  reading  of  54  lbs., 
nine  pounds  beint,  the  tare  weight  of  brake  arm 
and  stand. 

The  speed  was  held  as  near  615  revolutions  ger 
minute  as  possible,  the  engine  pulling  evenly  and 
steadily  at  this  speed  with  the  specified  load. 

The  day  was  clear,  lO/lO  ths.  sunshine,  with 
an  average  temperature  of  28"  F,  and  an  east  wind, 
average  velocity  9  miles  per  hour.  The  barometer 
average  was  29.25  and  the  room  temperature  56°  ?. 

Calculations  of  Test  ITumber  One. 

f Refer  log  Sh-aets,  pgs29  and 30) 

Horse  ?ower: 

B.H.P.  -  2Trrnw 
35, COO 

r  = brake  arm  -1.864  feet 

n  =  revolutions  per  minute=  614.2  faveragej 

w =  net  brake  load  =  25  lbs. 

B.H.P.=  2  X   5.1416  X  1.864  x  25  x  614.2^  5.45 
33, '^00 

Gasoline  'Jonsumption; 

lbs.    per  B.H.P.    per   her.  =;  4.8     -^    .8805 

5.45 
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Heat  consumption: 

B.2.U.  per  B.:-i.P.  per  hr.^^.S  x  18.700  _  16,470 

5.45      B.'jj.U.  per 
2.'.1.'S,    per  hr. 

•i'otal  S.'T.U.  used: 

4.8  X  18,700  =  89,750  3.2.U. 
B.T.U,  given  up  to  c poling: 

813f92. 51-55. 76)  =  46,250  B.I.U. 
Percent  of  Total  Meat  to  Cooling: 

46,250  -   .515  or  51.5  ;j 
89,750 
Heat  equivalent  of  B.H.P. 

5.45  X  2545  =  13,880  B.2.U. 

Heat  lost  to  Radiation,  .tlxhaust,  etc. 

89,750  -  (46,250+  13, aeOj^  2y, 620  B.x.u. 

i-er  cem   o-  lotal  Heat  to  Radiation,  iixheuct,  etc. 

29.626  =  .330  or  33.0  fo 
89,750 

Thermal  Ilffieiency;  fPer  3.H.?.) 

15, see  =  .1550  oi   15.50  5^ 
89,750 

Theoretical  Thermal  Sfficiency: 
n-1 
E  =  1  -  (7^  ) 

Ta) 
V^  =total  vol.  cylinder =  1C3. 9  cu.  in 

7-5  =  vol.  clearance  space  =  24.4  cu.in. 

n  =1,406 
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Z  s  1  -(24.4)  ^'^^^'-^  -      ,4:4:4:b   cr  44.45  <l 
(103.9)  ' 

Scte:  Since  the  actual  thermal  efficiency  is  based 

upon  33. H. P.  ,  no  efficiency  ratio  can  be  calculated 

from  it  in  connection  v»ith  the  theoretical  thermal 

efficiency,  and  this  last  serves  as  a  comparison  only. 


Test  of 

Type  

Si?e 

Fuel   Used_ 
LOG    OF 

z 

o 

£  Wo 


Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 

Brake  areonrfemite-,  ff.  arm    1.  864    ft. 

Dead    Weight  of  Ann,  lbs. 

On   Scales,   lbs 9 

Total,  lbs 9 


-Eutenber  ■flutomo"bil-e-6fls  Engine 
4  eyliixder   -   4  cyole ■ 


4-1/S  x.S  " 
Gasoline 


TESTING.     1 


Barometer. 


l.?.F>      . 


Date         3/2o/l2 


ft.  «         >  b: 


^  «•       TEMPERATURE— DEGREES  F        Pressure 
w  X 


Weights 


-   o   ™        S   u    ™ 


572 

35.05   36    90.0 

637 

36   95.5 

605 

36   94.0 

628 

36    52.0 

618 

56   91.6 

616 

36   92.0 

601 

36   91.0 

608 

36    91.0 

627 

35      92.0 

624 

35   9^16 

610 

35   91.5 

625 

36    91.5 

615 

30.2 

5   36    92.0 

lo.    lbs. 

Gas 

oline        4.8 

Tank 


1  -    Tare   519 


^ 

M 

C 

/C 

-^ 

Cm 

JJT3 

■S'S 

X 

i/iOi. 

CS  J 

— 

— ■ 

54 

25 

34 

25 

34 

25 

54 

25 

Tank  H  Final   1^ 


54 

25 

54 

25 

54 

25 

34 

25 

54 

25 

54 

25 

54 

25 

54 

25 

54 

2S 

54 

25 

lie.    Its.    Vi/ater  used     813 


Remarks 


614.2 


4.8   55.76    92.61 


813  54      2§      5.45 


ai-F^Lawre-nne, 


unn 


-Observer. 


Mechanical  Engineering  Laboratory 


ARMOUR    INSTITUTE    OF   TECHNOLOGY 


Test  of Rutenber  AutomoTai]  e — Gas  Engine 

Kind  of  Fuel    Gasoline 


Date_ 


2-25-12 


No.  OF  Run 


Run  lo.    1 


1 


Duration  of  test, 

Gas  consumed. 

Air  consumed, 

*Calorific  value  of  gas,  total, 

Calorific  value  of  gas,  effective, 

Jacket  water  supplied, 

*Gas  per  hour, 

*Air  per  hour. 

Jacket  water  per  hour, 

Gas  at  meter. 

Barometer, 

Gas  at  engine, 

I  Inlet, 
Jacket  water  I 


ITds 


hours. 

cu.  ft. 

cu.  ft. 

B.  T.  U.  per  cu,  ft,- 

B.  T.  U.  pet  ciu  ftr. 

lbs. 

lbs.        eurft.- 

cu.  ft. 

lbs. 

ins.  mercury. 

ins.  mercury. 

ins.  water. 

deg.  F. 


1 

4.8 


lbs, 
lbs 


(  Outlet, 

Gas  at  meter. 

Air  in  room. 

Revolutions  per  minute. 

Explosions  per  minute, 

Pressure  in  lbs.  per  sq.  in.  in  above  atmosphere, 
(a)     Maximum  pressure, 
(6)     Pressure  just  before  ignition, 

(c)  Pressure  at  end  of  expansion, 

(d)  Exhaust  pressure, 
Mean  effective  pressure. 
Builders'  Rating, 
Actual  indicated  H.  P., 
Actual  brake  H.  P., 
B.  T.  U.  per  I.  H.  P.  per  hr., 
B.  T.  U.  per  B.  H.  P.  per  hr.. 
Thermodynamic  efficiency  per  I.  H.  P., 
Thermodynamic  efficiency  per  B.  H.  P. , 
*Cu.  ft.  gas  per  I.  H.  P., 

IJ!  .*CC  ItTgas  per  B.  H.  P., 

Heat  equivalent  of  I.  H.  P.,  B  .  T  .  U  . 

Heat  rejected  in  jacket  water,  B    T    U , 

Heat  rejected  in  exhaust  and  lost  throug-h  radiation 

and  incomplete  combustion.  T;     riT      TT 


deg.  F. 

deg.  F. 

deg.  F. 

rev. 


20,200 

18,700 

813 
4.8 

81.3 

2925 

55.76 
92.61 


614.2; 
1228.4' 


128.58 

97.70 

2.415 


lbs.  per  sq.  in. 

H.  P. 

35-40 

H.  P. 

H.  P. 

5.45 

16,4a0 

per  cent. 

per  cent. 

15.5 

Ilote:    These   pressures 
are  relatively   correct 
according  to   indicator 
cards*    They    should  be 
trusted  no    farther. 


pfeT  ffeTlt. 

peccant. 

per  cent. 


.8805 

13,880  '.  15.5fo 

46,250  I  51.5^ 

29,620  i  33.0fj 


*A]!  Eras  volumes  reduced  to  62°  F.  and  30  inches  mercury. 


Observer- 


LI.?.  Lawrence, 


, .  i^unn 


31 


32 


53 
The  Test  TiscuGsed. 
Test  NmnLer  One,  U};.on  which  is  based  the  lovv'est 
point  of  the  horse-power  curve,  shov/s  a  gasoline 
consumption  of  0.8805  lbs.  per  3.-i.P.  per  hour.   -his 
is  E  rather  high  consumption,  hut  not  unusual  v.hen  it 
is  considered  that  the  engine  was  running  at  atout 
13.6>j  of  the  rated  load.   This  represents  a  heat  con- 
sumption of  16,470  B.T.U.  per  B.H.P.  hour. 

The  motor  was  run  very  cool,  as  it  '^as  in  all  the  tests, 
and  the  heat  lost  to  water-ccoling  ^represented  51.5;j  of 
the  total  B.T.U.  used.   Suhtracting  the  heat  equivalent 
of  the  B.K.r. ,  the  heat  to  exhaust  and  radiation  was 
33.05^  which  is,  of  course  low  since  that  lost  to  water- 
cooling  is  high. 

The  taermal  efficiency  of  15.5,"^  "based  upon  the  B.K.P. 
is  not  bad  considering,  the  lev/  load.  The  theoretical  ther- 
mal efficiency  is  found  to  "::e  44.45/'^.   Assuming,  as  a 
fair  value,  8C>j  mechanical  efficiency  (not  too  nigh  in 
a  well-built  aiitomobile  engine)  ,  this  gives  an  efficiency 
ratio  of  about  43.6fj.   This  is,  of  course,  based  on  an 
assumption  and  not  to  be  relied  upon. 
The  oards  SSiscussed. 
Cards  0-1  to  0-6,  v. ere  ta'.-en  on  tais  test  and  of 


S4 

these  six  cards,  the  three  best  ones  are  shovm.  o&rd 
0-1  shov/s  a  slightly  sharper  hurning  thin  the  others 
and  is  a  little  narro^^er  all  the  v/ay  through.  It  also 
shov/s  a  greater  irregularity  of  burning  than  the  other 
two,  axzaoLL^u   slight.   This  card  shows  a  high  back- 
pressure. Oard  C-2  shows  reraarkable  regularity  of 
burning;  a  single  trace  reprecanting  at  least  three 
cycles.   The  burning  is  not  ci_uite  as  sharp  as  0-1, 
and  the  expansion  line  is  ilightly  humped.   Card 
0-6  is  a  "fatter"  card  than  either  cf  the  others,  and 
shows  slightly  less  irregularity  of  burning  than  0-1, 
but  a  rounder  peak  than  either  0-1  or  0-2.   In  gen- 
eral, the  three  cards  show  a  lew  burning  pressure,  a 
fairly  re^^ular  expansion  and  a  nearly  horizontal  suction 
pressure.   The  cards  are  very  regular  and  xmiform  due 
to  the  low  load  and  slov/  very  even  running. 

Using  a  compression  pressure  of  97.7  lbs.  gauge 
calculated  from  the  formula 

tne  pressures  were  scaled  for 
card  0-1  giving  the  pressures  at  the  critical  points 
of  the  card  as  tabulated.   These  pressures  based  as 
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tbey  are  upon  this  calculated  value  of  compression, 
are  incorrect,  but  they  are  correct  relt.tively  with 
each  other  v/ithin  the  accuracy  of  the  manOi^raph.  As 
a  matter  of  fact,  the  ozhaust  pressure  7;as  considerably 
more  than  1.32  lbs.  above  atmospheric  as  evidenced  by 
£,n  increase  in  power  upon  removal  of  the  cut-out  plug 
in  the  e.Jiaust  manifold.   Sunning  v.'ith  this  pluj<  removed, 
though  giving  a  free  exhaust,  was  out  of  the  question 
on  accouiit  of  the  excessive  noise  and  geses.  There- 
fore the  high  back  pressure  v;as  maintained  and  its 
effect  was  noticeable  throughout  all  the  tests. 
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Test  iTuinber   Iv/o. 

Index. 

Conditions   of    I'est   ---------   page  37 

load  ---------------      "  37 

Speed "  37 

Atmofeiberic   ------------  37 

Eunning  Log  of  Test  --------    "  39 

Calculations  ------------   "  37 

Finished  Log  of  Test  --------   "  40 

Cards "  41  and  42 

Liscussion  of  ':est  ---------   "  43 

Test  ----------------  43 

Cards  ---------------  44 
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The    second  point   on   our   horse  power  curve  was 

deterriiinted  "by   Test  ilunber    -Wo,   v/ith   the  brake   set 

at   a  net   load  of  35  lbs. ,    gross   44  lbs.  ,    and   the 

engine  running  et   as  near   725  ?.,P.I/..    as   pocsible. 

Test  ~uinber  Tt;o  v/as   conducted  under  the   same 

v/eather  conditions   as  was   Test  ITumber   One. 

Calculations   of  Test  xluiaber   Iv/o. 

fRefer  log   Sheets,      pgs.   39and  4o    ) 

Horse     Power: 

B.H.P..    gTtrnw 
55  300 

r  =bralte   arm -1.864   feet 

n  =  5^.^. -'■■-.  =  7.:7.5    f average) 

w  3=  net   bralie   lcad=  55  lbs. 

3.H.P.-  2  X  5.1416  X  1.864  x   727.5  x  55=9.025 
33, COO 

Gasoline   Consumption: 

lbs.    per  B.>1.P.    per   hr.  =  7.42     =.8220 

9.025 

Heat    voneximption: 

B.T.U.    per   3.H.P.    per   hr.  =7.42  x  ie.7C0   ^  15,390  E.T.U. 

9.025  per   3.H.P.    per   hr. 

Total  B. T.U.    used: 

7.42   X   18,700  =138, 9?0   B.T.'J. 
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B.T.U.   given  up  to  cooling: 

945(99-36) =  59, 5C0  B.T.U. 

Percent  of  Total  Heat  to  "coling: 

59 ,  500  =r  .4284  or  42.84  '/j 
138, 9vO 
Heat  etiuivalent  of  3.K.P.; 

9.025  X  2545  =?S, COO  B.T.U. 
Heat  "est  to  Badiation,  Exhaust,  etc. 

138,900  -  (25,  :00-i-52,5"0)  =  56,400  B.T.U. 

Percent  of  Total  Heat  to  Hadiation,  Exhaust,  etc, 

56,4V0    =  .406   or   40.6  >!■ 
138,900 
Thennal  Efficiency;    (Per  B.H.P.) 

P.3,000  -.1656  =.    or  16.56  '^ 
128,9 '0 
Theoretical    Thermal   Zfficiencj;: 

(See   Test  ITuinber   One  -   Pg.27) 

E  =.4445   or  44.45  % 


Mechanical  Engineering  Laboratory 

ARMOUR   INSTITUTE  OF  TECHNOLOGY 

arm  1.864   ft. 


Test  of Rutenbei'   ^Utomoljile — Gas  Engine 

Type  4  cylinder   -   4  c:;cle 

Size 

Fuel  used      G-asolJne 


Brake  circumference,  ft.. 


Dead  weight  of  arm,  lbs._ 

9 

On  scales,  lbs 


Total,  lbs. 


LOG  OF  test: 


XlO.2  Rarnmeter  P.9,P.5 


.Date_ 


_  O  ^-'       T    p 


1:18 
1:23 
1:28 
1:32 

1:38 
1:43 


1:48 
1:  bci 
1:58 
2:03 
ii:U8 
Ji:13 
2:18 


TEMPERATURE-DEGREES  F. 


Pressure 


Weights 


^»S      ^^ 


.ij-w  — 


36.72  35  90.0 

/Lb  36  95.0 

•V^o  i      36105.0 

754  !      36102.0 

721  ,  36103.0 

!725  !   36106.0 

714  j    Ij  36101.5 

713  !      56102.5 

690  36102.0 

686  56105.0 

761  36  85.0    j 

735  36  o^.O    I 

740  29.50  36  96.0    | 

lT6.1"bs.  Gasoline  used  7.42 


Taik 


Final 


TiO.    ilDS.    v/ater  used     945 


^^ 

u   o 

33J     CQ 

« 

:;25  ,  44 

35 

44 

35 

44 

35 

44 

35 

44 

35 

44 

35 

44 

35 

44 

35 

44 

35 

44 

35 

44 

35 

44 

35 

1465 

44 

35 

Averages  727.5        7.42   36      99 


945   44        35      9.025 


Remarks: 


Li.F.La\7rence, 


.  ivunn 


.Observer. 
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Test  of Rut  e  n"b  e  r  Au t  o mo b  i  1  cP^s  Engine 

Kind  of  Fuel Gasoline 


Date- 


No.  OF  Run 


Huzi  ISIo.    2 


Jacket  water  -j 


Duration  of  test,  hours. 

Gas  consumed,  cu.  ft. 

Air  consuined,  cu.  ft. 

♦Calorific  value  of  gas,  total,  B.  T.  U.  per-em -k.- 

Calorific  value  of  gas,  effective.  B.  T.  U.  per  cu.  ft. 

Jacket  water  supplied,  lbs. 

*Gas  per  hour,  cCT.  tl. 

*Air  per  hour,  cu.  ft. 

Jacket  water  per  hour,  lbs. 

Gas  at  meter,  ins.  mercury. 

Barometer,  ins.  mercury. 

Gas  at  engine,  ins.  water. 

(  Inlet  deg.  F. 

Outlet,  deg.  F. 

Gas  at  meter,  deg.  F. 

Air  in  room,  deg.  F. 

Revolutions  per  minute,  rev. 

Kxplosions  per  minute. 
Pressure  in  lbs.  per  sq.  in.  above  atmosphere 

(a)     Maximum  pressure, 

(*)     Pressure  just  before  ignition, 

(c)     Pressure  at  end  of  expansion, 

{d)    Exhaust  pressure. 
Mean  effective  pressure, 
Builders'  rating. 
Actual  indicated  H.  P., 
Actual  brake  H.  P. 

Mechanical  Efficiency  fo 

B.  T.  U.  per  I.  H.  P.  per  hr., 
B.  T.  U.  per  B.  H.  P.  per  hr., 
*Cu.  ft.  gas  per  I.  H.  P., 
bS<E5.=ffrgasper  B.  H.  P., 

Heat  equivalent  of®.  H.  P.,  efficiency  per  cent. 

Heat  rejected  in  jacket  water  ': ,  '2\}  .  -pepoerrt. 

Heat  rejected  in  exhaust  and  lost  through  radiation 

and  incomplete  combustion,  13»T«U«    P^  ^^t- 

Heat  equivalent  of  B.  H.  P.  efficiency  "  ,  l\  ^jf fcent.- 

*.^11  gas  volumes  reduced  to  62°  F.  and  30  inches  mercury. 


1 

|i    '7 -42 

•lb.  20, £00 
18,700 

945 

lbs.'^-42 

ij 

I!    945 

29.25 

li     ^S 
!'     99 

56 

7E7.5 
j|  1455.0 

il9.03    * 


97.70 

3.40 

1.72 

lbs.  per  sq.  in. 

H.  P. 

35-40 

H.  P. 

H.  p. 

9.025 

15,390 

.8:. 20 
23000 
59;5G0 
56,400 
16.5^ 


*lTote:  These  pressures  are 
relatively  ciirreet  accord- 
to  indicator  card.  They 
should  be  trusted  no 
farther. 


42.84  ^ 
40,6  "io 

16.56  >9 


Observer         M .  1^  .  Lawr  6  n  C  6 


V.0-.  Dunn 


43) 


42 
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The   Test  Liscussefi. 
Test  lumber  Tv.o,    the  results   of  which  establish  the 
second   point    on  the   horse-power   curveiji  shov/S  a  decreas- 
ed rate   of  gasoline,    the  nranber    of  pounds  per  2.H.P. 
per  hour   being    .622   for   this    runas   compared  v;ith    .8805 
lbs.    i,er  B.H.P.    per   hour   in   Test   iTumber   Qne.      This 
gasoline  consumption  corresponds   to   a   heat   consumption 
of  15,590  B.T.U.    per  3.H.P.    as   compared   with   16,470 
3.T.U.    per  3.H.P.    per  hr.  ,    Test   Ho-.    One.    Thus  a   de- 
crease  of  1,080  B.T.U.    per   B.H.P.    per   hour,    or  about 
6.55^  is   shown*      The  B.I.U.    given  up   to   cooling    is 
4S.9/^^  or   about  6.8  73  less   than  in   Test   2Jumber   One,   and 
that   lost   in   e;:haust    ,    radiation,    etc.    is   40.6/5 
against   53,0  /C  of  Test    II umber  One,    or   an  increase    of 
7.6   /^.      These   tv;o  quantities  will,    of   course,  balance 
each   other,    an  inctease   in   one      corresponding   to   a 
decrease   in  the    other. 

The   thermal   efficiency   of  this    test    is    higher  than 
that    of   Te  .t  llumber    Ine ,    beinJ^    16.56   ^i  as  against  15. 5?^ 
of   Test  ITumber   One,    an   increase   of  1.06;'j.    This  v.-ould 
follow  aaturally,    since   the    engine    is   running  nearer 
the   condi-:ion  of  best   efficiency.    The   same   value    of 
the  mechanical   efficiency   being   assumed,    the    theoretical 
thermal  efficiency  being   44. 45?^  as   calculared  in 
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Test  ITuralDer   One,    gives  an  efficiency    ratio   of  aliout 
46.5  fo  as   against   43.6  i^  of   Test  iT-iinber   One.    This 
effieiency   ratio   is   of  course   subject   to   the   same 
limitations   of  assumption   as    in  Test   JuiLtcr   One. 

The   Cards  iiecussed. 
Of  the   six  ctrds,   nxxmbered  0-7  to  u-12,    cards 
0-8  and  0-11  v.ere   chosen  as   the   most   representative. 
Card  0-9  v/as   included  as   interesting,   in    :;hc:t    it 
shoves  a   large   fluctuation   of  the  burning   point   due 
to  an  vms-cable  mixture.      Of  the    other  tv;o  cards,    0-8 
is  the   best  and  the   relative  pressures  v.ere    scaled 
from  it   as   representing   a  good   average    of  the   test. 
Card  0-8   sho'.vs  much   the   same  charac'. eristics   as     Card 
C-1   of  Test  iTumber   One.      It   is  regular  v/ith  a    roimded 
burning   point    oflarect eristic   of   the   low  load  and   shows 
the   high  back  prer:sure   noticeable    on  all  the   cards. 
Card  0-11   has   the   same   general   shape   as   0-8,  with   one 
f aul  uy   DUxxiXiio   trace.      Its  expansion  line  just  aft^r 
the  peak   is  not   quite  as   steep  but   a  little   farther 
down  it  takes  the   same  general   slant. 


Test  ITuiiiter  Three 
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Test   Number  Three,    dejjermining   point   number  three 

on  the   horse-power  curve,  wes  taken  with  a  net   load 

of  45  l"bs.,    54  lbs.    gross,    en   the   brake.      The   engine 

was   run  very  cool,    a  temperature   of  about   85°F  being 

maintained   in  the    exit   cooling  v/ater. 

The  speed  v/as   averaged  at  about   825  H.P.K.    and 

the  engine   pulled   steadily  and   evenly  at   this   speed. 

The  weather   conditions   were    identical  with  both 

Test  ITumber  One  and    Test   Sumber  T?/o. 

Oalcuiations   of  Test  Humber  Three. 

(Refer  log.    Sheets,    pgs.48and49      ) 

Horse  Power: 

B .  H .  P .  =     STTrnw 
35000 

r=r  brake   arm  =  1.864   ft. 

n  =  H.P.M.  -    827.3    (average) 

w-=net  brake   loads- 45  lbs. 

B.H.P.=   2   X  5.1416   X  1.864  x  827. g   x  45    .,  15.21 

53,000 

Gasoline  Oonstunption: 

lbs.  per  B.H.P.  per  hr.=  9.20 »  .6960 

IE. 21 

Heat  Consumption: 

3.T.U.  per  B.H.P.  ,  9.20  x  18.700  ^1S«020  B.T.U. 

13.21  ■  Toer  B.H.P.  per  hr. 
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Total  B.T.U.  used: 

9.20  X  18,700  =  172,000  B.T.U. 

E.T.U.  Given  up  to  'Pooling: 

1492  f85. 45-35. 5) =  74,5:0  B.T.U, 

Percent  of  Total  Hest  to  Cooling: 

74.500  ^   .4333  or  43. 53?^ 
172,000 

Heat  Equivalent  of  B.H.P. 

15.21  X  2545«  33,650  B.T.U. 

Heat  LoRt  to  Radiation,  E-vhaust,  etc: 

172,000  -  (33,650+  74,500)  =63,850  B.T.U. 

Percent   of  Total  Heat  to  Radiation,   Exhaust,    etc. 

63.850  s    .3711   or   37.11  % 
172,000 
Thermal  Sfficiency: 

33.650  ^  .19CS   or  1S.£.C  fj 

172,000 

Therretical   Thermal  Efficiency: 
(See   Test  Sumber  One,    pg.$7) 
E  »  .4445  or   44.45  ^S 


Mechanical   Engineering   Laboratory 

ARMOUR    INSTITUTE    OF    TECHNOLOGY 
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Test  of g^t«firfee-E— rra^tOffl©^ile-<?as  Engine 

! ype ■^cyllnaer  -   4  cycle 

Size ---  - 

Fuel  iisph       Qagoline 


Brake  Circumference,  ft.    flrm    n     QAi 

Dead    Weight  of  Arm,  lbs 

On   Scales,   lbs. " 

Total,  lbs 9L 


LOG   OF  test:  Ho. 3 


H  as         is  2;         Hz 

gg       SS       cS 


Barometer. 


29.25 


.Date^ 


-^^.^^S^-^-Z,^ 


^  «       TEMPERATURE— DEGREES  F        Pressure 


HoKSE  Pow'r 


re  «  <u^      ,'^>  •"  ' 


x1  «   g 


3:58 

830 

29.00  3£ 

71  wO 

|43 

802 

35.  C 

78.0 

3:48 

830 

35.5 

80.0 

^:53 

785 

36.0 

85.0 

3:58 

858 

36:0 

89.0 

4:X)3 

819 

36.0 

88.0 

4:08 

841 

35.0 

88.0 

4:13 

838 

35.0 

89.0 

4:18 

855 

35.0 

89.0 

^:E5 

823 

35.0 

88.0 

4:28 

835 

36.0 

88.5 

4:33 

820 

36.0 

88.0 

4:38 

823    1 

3.6  36.0 

88.0 

Tank  #4     Tare     587 


lO'llJs.  Gasoline  used  9.20 


Tank  #4  Final  1644 
Uo. lbs. water  used  1057 
Tank  #5  Tare  520     54 


Tank  #5  Final 
Uo.    lbs  water  used 
Total  Ho. lbs  water  used 


54  45 

54  45 

54  4& 

54  45 

54  45 

54  45 

54  45 

54  45 

45 

54  45 

54  45 

955      54  45 
435 
1492 


Lve  rages 


827.3 


9.80  36.5   85.45 


1492      54      45   18.21 


M.i^'.juawrence,   w.v.a/uim 


-Observer. 
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Test  of RutuabaJ  Aufeoaa'blle  Gas  Engine 

Kind  of  Fuel Sasolins 


Date g-P.2-12. 


No.  OF  Run 


Run  lo.S 


Jacket  water 


b3 


Duration  uf  test, 
Gas  consumed, 
Air  consumed, 

♦Calorific  value  of  gas,  total, 
Calorific  value  of  gas,  effective. 
Jacket  water  supplied, 
*Gas  per  fiour, 

*Air  per  hour,  cu.  ft. 

Jacket  water  per  hour,  lbs. 

Gas  at  meter,  ins.  mercury. 

Barometer,  ins.  mercury. 

Gas  at  engine,  ins.  water. 

Inlet  deg.  F. 

Outlet,  deg.  F. 

Gas  at  meter,  deg.  F. 

Air  in  room,  deg.  F. 

Revolutions  per  minute,  rev. 

Explosions  per  minute. 
Pressure  in  lbs.  per  sq.  in.  above  atmosphere 

(ti)     Maximum  pressure, 

{i)     Pressure  just  before  ignition, 

(c)     Pressure  at  end  of  expansion, 

(a?)     Exhaust  pressure, 
Mean  effective  pressure,  lbs.  per  sq.  in. 

Builders'  rating,  H,  P. 

Actual  indicated  H.  P.,  H.  P. 

Actual  brake  H.  P.  H.  P. 

Mechanical  Efficiency  9fc 

B.  T.  U.  per  I.  H.  P.  per  hr., 
B.  T.  U.  per  B.  H.  P.  per  hr., 
*Cu.  ft.  gas  per  I.  H.  P., 
.*€«.4*rgas  per  B.  H.  P., 
Heat  equivalent  of  BH.  P.,  efficiency 


1 


hours.     !  1 

ctr.-ftll)S.         9.2 

cu.  ft. 

B.  T.  U.  pw^ff.-krlbS.     20,200 
B.  T.  U,  per-Cff.  ftllS  S  .  18,700 

lbs.  149S 

'^"'•*ibs.  9.2 


,  T  ,  U  ,    prer-ccnt. 
Heat  rejected  in  jacket  water  B,  T  ,  U ,    partem. 

Heat  rejected  in  exhaust  and  lost  through  radiation    B  ,  U.  •  U  . 

plete  combustion,  percent. 


and  in 
Heat  equivalent  of  B.  H.  P.  efficiency 


per  cent. 


149E 
29.25 

35.50 
85.45 

56,00 
827.3 
1654.6 

197.8 
97.70 
19.68 

5.65 

35-40 
13.21 


12,020 


33,650 
71,500 
63,850 

19.56 


Uote:    Thene   pre.-sures 
are  relatively  cor- 
rect according  to 
indicator   cards. 
They    should  be 
trusted  no   farther. 


19.59 
43.33 
37.11 


*A11  gas  volumes  reduced  to  G2P  F.  and  30  inches  mercury. 


Ll. F. .Lawrence ,    w .  0 . Dunn 


Observer 


50 


51 


52 

The  Test  Discussed. 

In  Test  Uumber  Three,  the  gasoline  oonsuraption 
rate  drops  considerably;  from  a  value  of  .882  lbs. 
per  B.K.P.  per  hr.  in  Test  dumber.   Tv/o ,  the 
consumption  rate  falls  to  .6960  lbs.  p^rr  B.H.P. 
per  hour  in  this  test.   This  is  equivalent  to  a 
heat  consumption  of  12,020,  2,370  B.T.U.  per  B.H.P. 
per  hour  or  15. 4^^  less  than  Test  Nuxaber  Two. 

Since  the  motor  v/as  run  exceedingly  cool,  a 
temperature  of  exit  cooling  water  of  approximately 
85°  F,  the  B.T.U.  loss  to  cooling  water  is  high, 
45,35^  of  the  total,  or  about  .57^;  more  than  Test 
number  Two.   The  heat  lost  in  the  exhaust,  radia- 
tion, etc.,  is  37. 13^^  or  3.477^  less  than  Test 
lumber  Two.   The  percentage  of  heat  converted  into 
pov/er  is  much  higher  than  in  Test  ITumber  Two. 

The  thermal  efficiency  showed  a  considerable 
inc  ease  over  "Experiment  Humber  Two  as  might  be 
expected.   Test  Number  Two  gave  an  efficiency 
of  16.56^,  'While  number  Three  rose  to  19.56^,  an 
increase  of  3.05.   The  efficiency  ratio,  based  upon 
the  assumed  mechanical  efficiency,  80^,  and  the 
calculated  ideal  thermal  efficiency  of  44.45'^,  is 
55.0/j7/hich  shows  that  the  motor  is  rapidly  approaching 
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its  most  efficient  spoed  and  load. 
The  "ards  Discuvssed, 
Cards,  E-l  to  Ii-6,   were  taken  at  this  load 
and  of  these  cards  I/-1,  D-E,  and  D-3  v/ere  taken 
as  the  most  representative,   "ard  D-1  shov;s  a 
considerably  lower  range  of  pressures  all  the 
way  through  than  the  others  and  probably  v/as 
taken  at  an  instant  when  the  load  dropped  slightlv. 
It  shows  a  marked  improYement  in  the  burning  of  the 
charge,  however,  and  is  a  remarkably  symmetrical 
card  considering  the  load.   'i^ard  v-Z   shews  better 
the  average  shape  for  this  run,  as  well  as  a  higher 
range  of  pressure,  more  representative  of  the  rest 
of  the  cards.   A  decided  iregularit:/  of  burning 
shO¥'S  that  the  mixture  was  not  as  even  as  in  Card 
D-2.   The  most  sat isfactor;;  card  for  this  test,  as 
an  average  card,  is  D-6,  which  shows  practically 
the  same  shape  as  D-2,  and  is  very  uniform.  The 
cardB  all  show  a  decid: d  tendency  to  form-the 
high  "peak"  of  burning  characteristic  of  the  higher 
loads,  although  the  engine  is  running  at  but  about 

38/0  rated  load.   <;erci  D-6,  then,  was  taken  as  an 
average  card  and  its  relative  pressures  figured  as 

tabulated. 


Test  Uxirnber  Four. 

Index. 

Condit  ions  of  Test page  54 

load pas®  54 

Speed page  54 

Atmospheric page  54 

Ruiming  Log  of  Test page  56 

Calculations Page  54 

Finished  Log  of  Test page  57 

Cards P^B©  58  and  59 

Discussion  of  Test page  61 

Test P^-S®  6^ 

cards page.  62 
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Test  lumber  ?our ,    from  the   results   of  which 
point  nximbBr   four      on  the  horse-power  curve  was 
calculated,   was   run  with   a  net   "brake  load   of   55 

lbs.,    gross,    64  lbs.        The  motor  was   run  a   little 
warmer  than  during  the   run  preceding,    an   average 
outlet   cooling  water  temperature   of  95°   F  being 
maintained. 

The  speed  was   increased  and  held   as  near  900 
R.P.M.    as  possible,    the  average  being   909   R.P.M. 

The   da;,'  w&s   partly?  cloudy',   there   being   about 
6/10  sunshine,  v/ith  a   strong   south  wind  blowing 
with   an  average  velocity    of  13  miles  per   hour, 
and  the  mean  temperature  was   32°   F.      The  barometer 
was   29.16   and   the    rcom  temperature   about   58°   F. 

Calculations  of  Test  llumber  Four. 

Horse  Power:  (Refer  log   Sheets, 

pgs.56and57     ] 

B.n,P.=  £j[rnw 
33,000 

r  =bralie   arm  =1.864  ft. 

n  =K.P.".*  909 

w=net   bra'ie   lot-G.=  55   lbs. 

3.rI.P.=  2  X  5.1416  X  1.864  x  909  x  55  =17.75 
33,000 

Gasoline  consumption: 

lbs.  pel'  B.'i.P.  per  hr.=ll.l  x  60  =.646 

17.75  X  58 


55 


Heat   Consiunption: 

B  T  U.      per  B.K.P.    x-er  hr.  =  646  x  18700  =  12,090 
'  "  13   fn  "'      ;.'•■«.   T3  "  P      ..-"■ 


jjcr 


Total  B.T.U.    used: 

11.1  X  18,700=207,600  B.T.U. 
B.T.U.  given  up  to  cooling: 

1381  (95.24-35)=  85,250  B.T.U. 

Percent  of  Total  Keating  to  Cooling: 

85.250  ^  .4020  or  40.20fd 
207,600 
Heat  e.iUivalent  of  3.H.P. 

17.75  z.  42.42  X  58  =  43,668  B.T.U. 

Heat  Lost  to  Radiation,  Exhaust,  etc: 

207,6:0- (43,668+83,250) =  80,682  E.T.U. 

Percent   of  Total  Heat    to  Radiation,   Exhaust,    etc 

80.682    ^.5878    or3   8.78^ 
£07,600 

Thermal  Efficiency: 

45.668  ,  .  2102  =    21 .  02$2^ 
207,600 
Theoretical   Thermal  Efficiency: 

(See   Test  ilui-ber  One,    pg.    27) 

E.  =  .4445   or   44.45  '^o 


.esT   esa) 
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Test  of^ 

Type 


-Gas  Engine 

4  cylinder  -    4  cyole 


Size 

Fuel   Used_ 


Gasoline 


Brake  Circumference,  ft o 

Dead    Weigfit   of  Arm,  ibs._ 
On   Scales,   lbs 


^^64^^et^ 


LOG    OF   test:    ]Jo.4 


Total,  lbs 

29«16 Date. 


>  => 


tr  « 

z;  M 

!-  3! 

5  = 

O  H 
^1 

s 

>i^  lie 

ss 

C^ 

s 

^  OS 

>  a 

t/) 

B  W 

X  a 

•^  w 

< 

p  < 

UJ^ 

:^-- 

C 

uo 

TEMPERATURE— DEGREES  F        Pressure 


5;/25/l2. 


Weights 


Horse  Pow'r 


£:12 

889 

3 

4.00 

35 

97.0 

Tank  # 

4  Tare 

51?9 

64 

55 

2:17 

932 

35 

108.0 

64 

55 

2:22 

891 

35 

92.0 

64 

55 

2:27 

960 

35 

97.0 

64 

55 

2:32 

900 

35 

95.0 

64 

55 

2:37 

024 

35 

96.0 

64 

55 

2:42 

915 

35 

94.5 

64 

55 

2:47 

929 

35 

97.0 

64 

55 

2:52 

882 

35 

95.0 

54 

55 

2:57 

909 

35 

95.0 

64 

55 

3:02 

904 

35 

94.0 

64 

55 

3:07 

894 

22.90  35 

92.0 

64 

55 

3:10 

Eo.lbs 

890 
.Gas-:li 

35 

92.0 

)      Ho 

Ta 

1  " 

nk  T 

4  Final  190C 

)64 

55 

ae  used  '. 

11. 1( 

.Ibs.wat 

er  used 

138] 

Averagzs  909 


11.10.L$5     95.24 


1381   64   55      17.75 


Remarks 


-Observer, 
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Test  of Eutenber  Automobile  Gas  Engine 


Date_ 


g-25-12. 


Kind  of  Fuel G-asol  Ine 


No.  OF  Run  p^^^    jjq  ^     4 


Jacket  water  - 


hours. 

«u?¥t. 

cu.  ft. 

B.  T.  U.  perSuT-itr 

B.  T.  U.  percir*;. 

lbs. 

cu.  ■# tr 
CU.  ft. 

lbs. 

ins.  mercury. 

ins.  mercury. 

ins.  water. 

deg.  F. 


deg.  F. 

deg.  F. 

deg.  F. 

rev. 


Duration  of  test, 

Gas  consumed, 

Air  consumed, 

*Calorific  value  of  gas,  total, 

Calorific  value  of  gas,  effective, 

Jacket  water  supplied, 

*Gas  per  hour, 

*Air  per  hour. 

Jacket  water  per  hour, 

Gas  at  meter. 

Barometer, 

Gas  at  engine. 

Inlet, 
\  Outlet, 
Gas  at  meter. 
Air  in  room, 
Revolutions  per  minute. 
Explosions  per  minute, 
Pressure  in  lbs.  per  sq.  in.  in  above  atmosphere, 

(a)     Maximum  pressure, 

(6)     Pressure  just  before  ignition, 

(c)  Pressure  at  end  of  expansion, 

(d)  Exhaust  pressure, 
Mean  effective  pressure, 
Builders'  Rating, 
Actual  indicated  H.  P., 
Actual  brake  H.  P. , 
B.  T.  U.  per  I.  H.  P.  per  hr., 
B.  T.  U.  per  B.  H.  P.  per  hr. , 
Thermodynamic  efficiency  per  I.  H.  P., 
Thermodynamic  efficiency  per  B.  H.  P. 
*Cu.  ft.  gas  per  I.  H.  P., 

fiS.lft.  gas  per  B.  H.  P., 

Heat  equivalent  ofQ.  H.  P.,  B .  T  ,  U  ,  ob  P®""  <^®"t- 

Heat  rejected  in  jacket  water,  B  .  T  ,  U  ,  &  per  cent. 

Heat  rejected  in  exhaust  and  lost  through  radiatinn   rp      TT     J^, 

and  incomplete  combustion,  iJ  •  X  •  U  •  OC        per  cent. 


59  min, 
lbs.    11.1 

lbs.     ciO,;iOw 
Ibo.    IBI^OO 

1381 

11.47 

14301 

29.16 

35.00 
95.24 

58.00 
909 
1818 


lbs.  per  sq.  in. 
H.  P. 
H.  P. 
H.  P. 


per  cent, 
per  cent. 


*A11  gas  volumes  reduced  to  62°  F.  and  30  inches  mercury. 


lote:    These  pressures 
ate  relatively  correct 
according  to  indicator 
cards.  The:-  should  be 
8.45   trusted  no  farther. 


210.3 
97.70 
29.8 


35  -  40 
17.75 
12,090 

21.20 


.646! 

43,668  21.00^ 
83,250  40.20^ 
80.682      28.78f« 


Observer 


M.F.Lav/rence,   W.G.Dxmn 
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61 

The  Test  liiscussed. 
Test  number  Four  gave   a  lower   rate   of  gasoline 
consumption  than  Sunber  Three.      The  drop  was  not 
so  great   as   between  Three   and   Two,    however,    and  this 
shows   that   the    "knee"    of  the  gasoline   consumption 
curve   is   being  ai:proached.      The   gasoline   consuiLption 
in  this    run   is    .646   lbs.    per  B.H.P.    per   hour,    that 
of  Run  Three    is   6.96   lbs.,    per   E.H.P.    per  hour, 
shov;ing    a   drop   of    ,05  lbs.    per   B.H.P.    per   hour.    This 
corresponds   to   a   heat    consumption   of  ir.,090  B.T.U.    ' 
per   B.H.P.    per   hr.    and  12,020  B.T.U.    per  B.--;.P.    per 
hr.    respectively,    or  a   drop     of   930  B.T.U.    per  B.H.P. 
per  hr.  ,    i.e.  ,   ?!.14  p. 

The    engine    ran  slightly  warmer  during  this   run 
than  during   Test  ITumber  Thr^e.        "he   outlet   cooling 
wat^rr    temperature  averaged  95.24°F  against   85°   F 
for  Number  Three.      The  percentage      of   neat   to   the 
cooling  water  was   4O.IO7J  in  this   run  ag&inst   4-::.33/j 
$or  lumber  Three,    a  difference      of  3.23fi.    The    heat 
to   exhaust  v/as  38.7^ain  this   test   as   compared  Y:ith 
37.11^  in   Test  dumber  Three,    a   difference    of  1.59%. 

The  thermal   efficiency   showed  an  increase   over 
that   of  Test  ITui'flber  Three,    21.20/2  in  comparison  with 
19.56^'i,    an   incre&se   of  1.64%.      The   efficienc;/   ratiom 
based  jas    before,    is   59.  b'/-. 
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The  Hards  Discussed. 
The  cards  taken  on  this  ran  numbered  from  D-7 
to  D-IE,  and  of  these  D-7,  D-11,  and  D-12  were 
picked  as  average  cards.   The^'  all  show  a  little 
irregularity  in  the  burning  pressures  but  the  fluc- 
tuations are  not  Ijiolent.   Card  D-7  shows  three 
cycles,  each  with  a  slightly  different  burning 
pressure.   The  rest  of  the  card  is  a  single  line. 
On  this  card  is  apparent  a  peculiar  characteristic 
of  the  upper  part  of  the  compression  line,  namely  a 
peculiar  fluttering.   It  is  not  very  .eaerally  under- 
stood just  what  csuses  these  "wompxoecsAoa  wevws"  as 
th«3^  are  called,  and  it  is  yet  to  be  satisfactorily 
explaiiied.   These  compression  waves,  though  the  vi- 
bration is  slight  seem  to  occur  on  a  great  many 
of  tiie  higher  load  cards.   It  is  not  unlikely  that 
the.;  are  produded  by  the  instrument  itself.  Card 
D-7  was  taken  as  representing  .-n  average  card,  the 
middle  burning  line  being  chosen  for  the  average  max- 
im;im  pressure.   The  relative  pressures  were  scaled 
and  tabulated  from  this  card.  Car'  D-11  sho?/s  the 
irregular  burning  more  plainly.   By  "irregular 
burning"  I  mean  the  fact  that  no  tv.o  cycles  have 
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same   'burning  pressure;    the   iDiirning   lines  themselves 
are  smooth   curves.    Card  D-12   shows  tvo    closely 
corresponding   cycles  and  a  third  -with  faulty   burn- 
ing and   8   separate  expansion  line   from  the   other 
two.      This  last   cycle   siiov>/s   the    "waves"    on  the 
iDurning   line,    similar   to,    though  much  more   intensi- 
fied than,    those   of  the    compression  line.    These, 
like   the   "compr es.^ion  v/aves"   are  not    satisfactorily 
explained  although   one   explanation   is  that  v/hen  a 
faulty  mixture    of   fuel   enters   the   cylinder,    too 
rich,   v/ith   some    of   the   gasoline    in   tne   form  of  glob- 
ules,   a   series    of   small  e:'cplosions   follow  upon    the 
ignition  of   the   charge,   producing  these  v/aves.      The 
heavy  part   of   this   card,   D-IE,    is    a  very   good  average 
card   for   this   run. 
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Test   UuinLer  Five, 


Index. 

Conditions  of  Test pg.  '65 

load pg.  65 

Speed pg.  5  5 

Atmospheric pg.  (  65 

Ruining  log  of  Test pg^_  67 

Oalculations pg.  65 

Finished  log  of  Test pg.  68 

Cards pg.  69  '^  "^0 

Discussion,  of .  Test pg.  '''1 

Test pg.  '^1 

Cards pg .  ^2 
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^he   results   of   Test  ilurnlDer  -?ive   establish  the 
fifth   point    on  the    horse-power   curve,    and  a  net   brake 
load   of  65  lbs.  ,    74   lbs.    gross,   was  maintained.    The 
motor  was   run  at  a   slightly   lower  temperature  than 
in  Ilunbar  Four,    a   temperature   cf  91°   being    held   in 
the    outlet  ocoling  Vv'ater. 

The   speed  was    set   as  near  ICOO  R.P.M.    as  possible 
and  averaged  about    1007  S.P.?.!.      Since   there  v/as  no  way 
of  air-cooli'i    the  motor,   the   crank  case  and  all   the 
lower  part   of  the  engine   got    hot    at   high  loads,    so   that 
Vife   thought    it  best   to    shorten  the   length   of  the   higher 
loads.      Thus    this    test  was   shortened  to   a   half  ^our 
instead  of  a   full  hour. 

The  day  v/as   partly   cloudy,    7/10   smishine, 
the   temperature  was  39°   F,    barometer  29.07,   with  a 
13  mile,    west  wind.    The   rcon;  temperature  was   about    61°   F. 

Oaloulations   of   Test   ITumber .  Five. 

fHefer   Log  Sheets,    pgs.67(l6^ 


Horse  Power: 


;.-.p.i 


2irrnw 


330:0 
r=  brake  arm*  1.864  ft. 
n  =  R.P.M.=  1007 
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Gasoline  OorLBuint)tion: 

lbs.    per  B.H.P,    per    hr.=  7.45  x  60    -  .6425 

23.2  X  30 

Heat  Consumption: 

B.T.U.    per  B.H.P.    per   hr.  =  .6425  x  18700  =  12000 

B.T.U.    per   B.H.P.    pe; 
hr. 

Total  B.T.U.    used: 

c  7.45  X  18,700 =139,400  B.T.U. 

B.T.U.    given  up   to   cooling: 

964(91.45-55)=  54,400  B.T.U. 

Percent  of  Total  B.T.U.  to  cooling 

54.466  ^  .590   or  39.00  ^;i 
139,400 
Heat  Equivalent  of  B.H.P. 

23.2  X  42.42  x  30=  29,520  B.T.U, 

Heat  lost  to  Radiation,  Exhaust,  etc^' 

139,400-  (29,520+54,400)^55,480,  etc.; 

Percent   of  Total  Heat  to  r.&diation,   Kxhauj-t,    etc. 

55.480  =.5980   or  39.305^ 
139,400 

Ther.nal  Efficiency: 

29,520^  2I.205S 
139,400 

ThifiBetical  Thermal  Efficiency: 

(See   test   "TumTDer  One,    pg.27) 

S.  =^  ,4445   or   44.45r% 


.'SI 

.a  IsmieriT 

^.is    osa.gs 
oo^.esi 

,exiO  xedmsT  tae*  eeS) 


.Size- 


Fuel  Used ^Gesoliiae 

LOG     OF    test:      jfQ^g 


Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE    OF   TECHNOLOGY  ^"^ 

Brake  CircwBf©rso€©,  4t &3raul,8-64    ft. 

Dead    Weight   of  Arm,  lbs 

On  Scales,   lbs 9 

Total,  lbs 9 


Test  Of  xtatanLer  AutomoLJble ^«^  ^"9'"^ 

lype 4  cyllzicLer  -   4  cycle 


Barometer., 


-S^vOT- 


.Date_ 


^-26-12., 


>    S  C-    OS 

«  o         X  a 


E:13 
2:18 
2:23 
2:28 
2:33 
2:38 
2:43 


2  W 


1032 

999 

998 

1038 

1004 

965 


^  a:       TEMPERATURE— DEGREES  F       Pressure 


Weights 


Horse  Pow'r 


<u     .tr  ft^  0^ 


•S        ^^. 


31.60  35  94 

35  93 

35  94 

35  9S 

35  89 

55  83 

24.15  35  Sa 


ilc. lbs. Gasoline  Used   7.45 


Tank  #4  -   Ttre       565     74  65 

74  65 

74  65 

74  65 

74  65 

74  65 

Tank  7*4  Final  1529      74  65 
fo.  llDS.'Vater  used        964 


Averages 


1007 


7.45  35  91.45 


964     74     65     23.2 


Remarks 


M.F.Lawrence,    ,.•. C.Dunn 


-Observer, 
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Mechanical  Engineering 

Laboratory 

ARMOUR  INSTITUTE  OF  TECHNOLOGY 

Test  of Rutenlaer  Automobile    Oas  Engine                  i 

f^infl  nf  Pjfel        (^B  9  ol  In© 

Date 

3-26-12 

No.  OF  Run             '^^    '^'°'     ^ 

1 

2                          3 

4 

Duration  of  test,                                                                           hours. 

'60  mlus 

Gas  consumed,                                                                       "dB.^frlbS.     7,45 

Air  consumed,                                                                           cu.  ft. 

♦Calorific  value  of  gas,  total,                             B.  T.  U.  pTf  a«.-^h  lb  .     20,200 

Calorific  value  of  gas,  effective.                       B.  T.  U.  per  eu.  ft.^^  •      18     700 

Jacket  water  supplied,                                                                 lbs. 

964 

*Gas  per  hour,                                                                        ~*^-^*'  lb  S  .  1 9  28 

*Air  per  hour,                                                                            cu.  ft. 

Jacket  water  per  hour,                                                                 lbs. 

1928 

Gas  at  meter,                                                                    ins.  mercury. 

Barometer,                                                                    ins.  mercury. 

29.07 

^ 

Gas  at  engine,                                                                        ins.  water. 

(  Inlet                                                                deg.  F. 
Jacket  water  ] 

(  Outlet,                                                            deg.  F. 

35 
91.45 

Gas  at  meter,                                                                         deg.  F. 

Air  in  room,                                                                            deg.  F. 

61.0 

Revolutions  per  minute,                                                                 rev. 

1007 

Explosions  per  minute, 

2014 

Pressure  in  lbs.  per  sq.  in.  above  atmosphere 
(a)    Maximum  pressure, 
{/>)     Pressure  just  before  ignition, 

270.2 
974.70 

1                            1 

ITotet    These  pressures 

are  relatively   correct 
according   to   indicator 

{<:)     Pressure  at  end  of  expansion, 
(</)     Exhaust  pressure. 

25.6 
11.4 

cards 

trust 

.       T 
ed  n( 

aey   should   be 
3   farther. 

Mean  effective  pressure,                                           lbs.  per  sq.  in. 

Builders'  rating,                                                                              H.  P. 

35-40 

Actual  indicated  H.  P.,                                                                 H.  P. 
Actual  brake  H.  P.                                                                    H.  P. 

:^3.20 

1 

Mechanical  Efficiency                                                                        <jh 

i 
1 

B.  T.  U.  per  I.  H.  P.  per  hr., 
B.  T.  U.  per  B.  H.  P.  per  hr.. 

12, COO 

1 

*Cu.  ft.  gas  per  I.  H.  P., 
•  ^^Cu.£t.  gasperB.  H.  P., 

.6425 

Y     Heat  equivalent  of  I.  H.  P.,  efficiency              —  .  i.'  .  Uper  cent. 
Heat  rejected  in  jacket  water                           i5»  1  »  yper  cent. 

Heat  rejected  in  exhaust  and  lost  through  radiation      ^  .  -L  ,  '^  , 

and  incomplete  combustion,                                                              per  cent. 

Z9,b-dV 

54,400 
55,480 

•dl. 

39. 

39. 

ZOfo 

oo5j 

80fa 

Heat  equivalent  of  B.  H.  P.  efficiency                              per  cent. 

29,520 

21. 

20^                         1 

'.^11  gas  volumes  reduced  to  62°  F.  and  30  inches  mercury. 

Observer        M. 

F.Lawrenc 

e,  W.G.Duj 

an 
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The   Test  liiscussed. 
The  gasoline   consumption  rate    in   Test  ITuc.ber 
Bive  WES  lower  than   that    in   Test  lluiuter  Four,    .6425 
I'bs.    pei"  3.H.P.    per   hr,    against    .646   lbs.    per  B.rl.P. 
per   hour,    a   difference   of    .0G15  lbs.   v/hich   is   ver;' 
small.      Thef:e   correspond  to   a  heat    consumption  of 
IE, 000  B.T.U.    per  3.H.P.    per  hr.    ana    12,090  B.T.U. 
per  B.H.P.    per  hr.    respectively;,    the   difference   being 
90  B.T.U.    per   B.H.P.    per   hr.  ,    or    0.745^0. 

The   engine  was   run   slightlj?   cooler  during  this 
run  that    in  Number  Four.      The   outlet   cooling   ";ater 
was   91°   F  while   during   Test  dumber  ?our   it  was   9B°F. 
The   heat   given  up  to   cooling  v/ater  w&s   slightlj;   less 
than  in  ITumber  Four,    39.0^j  against   40.20^,    or    a 
decrease   of  1.2^-.        The   heat  to  Exhaust,    Radiation, 
etc.    T;as  a   little  higher   than   in  Test  Tluraber  j;'our, 
59.870  against   38.785'i,    an  increase   of   1.02fj. 

The  thermal  efficiency   in  this   test   is  slightly 
higher  than  in  ITumber   IT  our ,    though  very   little*    It 
is   21.2%  in  this   one   and    in  llumbsr  Four    it  was   21.02, 
4n   inc   ease   of   .18%  in  ITuir.b:-r  Five.    The   efficiency 
ratio,    as    in  ITumber  Four,    is   practically   the   same. 
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The  Cards  Hiscasocu. 
Cards  Z-1   axiu  1^-6  are  from  Test  llumcer  Five  and 
of  these,  the  average  cards  selected  are  E-3,  1^-4,  and 
E-5.   Of  these  there  is  no  o...e  particularly  "better  than 
tiie  others,  although  card  E-4  seercs  to  be  a  little  more 
clearly  defined,  and  this  card  was  ts".:en  as  the  average, 

and  the  pressures  scaled.   Card  E-3  taken  at  fairly 
high  speed  shews  a  network  of  lines  from  the  end  of 
compression  to  the  middle  of  expansion,  but  the  sha  e 
of  the  card  is  fairly  clear.   The  netv.ork  sho~s  that 
the  mixture,  though  set  carefully  by  band,  could 
not  have  been  uniform.   The  late  combustion  indicates 
this  also.   Tners  arc  tLr-*  "clucks  nhi'^h  !r.igh+  b?? 
responsible  for  tnis  late  and  some7?hat  non-uniform 
burning.  A  late  spark  might  produce  the  effect,  an 
improper  mixture  of  air  and  gasoline  ..ight  also  be 
responsible,  and  in  another  case,  an  excess  of  ex- 
haust gases  770v.ld  hinder  combustion.  Of  the  three, 
the  last  seems  the  most  likely.   The  s^ark  v/e.s  well 
advanced  as  evidenced  by  tr.e  distinct  ignition  point 
on  the  curve,  the  mixture  7/as  adjusted  carefully  by 
hand,  and  a  high  back  pre  sure  due  to  the  length 
and  conditions  of  the  exhaust  pipe  was  known  to  exist, 
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causing  a  very  probetle  check  tc  the  exit  of  the 
exhaust  g&ses.  Cards  S-4  and  $-6  are  very  .-;imilar 
to  2-3  and  shov;  practically  the  same  effects.   xhe 
straak  noticeable  across  the  covapression  line  on  card 
S-6  is  due  to  leakage  of  light. 
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Test  Ilum'ber  Six. 

Index, 

Conditions  of  Test  page  75 

Load    . 75 

Speed   — 75 

Atmosplxeric. 75 

Running  Log  of  Test ■ 78 

Calculations   75 

Finished  Log  of  Test 79 

Cards   80 

discussion  of  Test 80 

Test 80 

Cards 80 
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Test  lluinbsr  Six  determines  the  sixtTi  point 
on  the  horse-power  curve,  and  was  taken  with  a  net 
brake  load  of  75  lb?,  84  lbs.  gross.    The  engine 
ran  a  little  warmer  than  in  the  preyious  run,  the 
outlet  cooling  watar  being  at  an  average  tempera- 
ture of  96  degrees  F. 

The  spaed  ^^as  held  as  near  1100  R.P.l!.  as 
possible  and  averaged  about  1119  E.P.M.  This  run 
was  also  held  for  SO  minutes. 

The  day  uas  cloudy,  4/10  sunshine,  and  the 

average  temperature  was  41°  F.   There  was  an  8 -mile 

southwest  wind  and  the  barometer  read  29.15.   The 

room  temperature  ?;as  63.5°  F. 

Calculations  of  Test  Humber  Six. 

(Refer  log  Sheets,  Pgs.78and  79) 

Horse  Pov;er; 

B.H.P.=  S  TT  -R  II  W 
33000 

r  =  brake  arm  -=1.864  ft. 

n  »  K.P.Z.  =  1119 

w  s  net  brake  load  = 75  lbs. 
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B.H.P.-2  X  5.1416  X  1119  x  75  x  1.864     =  29.77 
3S000 

Gasoline  Consumption: 

lbs.  psr  3.H..P.  per  hr.  =  8.85  x  60    s   .5940 

29.77  X  30 

Heat  Consumption: 

E.T.U.  par  B.H.P.  per  hr.^.5940  x  18700  =  11,100 

B.T.U.  par  B.H.P.  per  hour. 
Total  B.T.U.  used: 

8;83  X  18700   =   165200  B.T.U. 
B.T.U.  given  up  to  Coolin<Sj: 

1022  (96-35)  =   62400  B.T.U. 

Percent  of  Total  B.T.U.  to  Cooling: 

62400   -   .3770  or  37.70^ 
165200 

Heat  equivalent  of  B.H.P, 

29.77  X  42.42  x  30  =   37800  B.T.U. 
Heat  lost  to  Radiation,  Exhaust,  etc.: 

165200  -  (37800  -t-  62400)  =  65000  B.T.U. 

Percent  of  Total  B.T.U.  to  Eadietion,  Exhaust,  etc. 

65000   -  . 

15520(f"   -  .3941  or  39.4lf. 
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Thermal  Sfficiency: 

57800    =   .2289   or  22.895? 
165200 
Theoretical  Thermal  Sfficiency: 

(See  -est  Number  One,  page  S7  ) 

3  =   .4445  or  44.45^ 


Test  of- 

■fype  — 
Si/e  


Mechanical^^Engineering   Laboratory 

ARMOUR    INSTITUTE    OF    TECHNOLOGY 

Brake  CiseiHuf&rence-,  -ft.  p  ypi    1, .  p  f 
Dead    Weight   of  Arm,  lbs 


Rut en"b e r  Aut omo'bileG«s  Engine 
4  cyl inder  -    4  cycle 


F"iiel  Used_ 
LOG    OF 


Gasoline 


test:  110.6 


OS 


>  0: 


^' 


55 

40 
■^5 
50 
55 


936 
1260 

1059 
1090 
1160 
1235 

1093 


iiclbs.  Gasoline 


On   Scales,   lbs. 
Total,  lbs 


29.15 


3- 27-12,- 


TEMPERATURE— DEGREES  F        Pressure 


Weights 


Horse  Pow'r 


uo     w^.::;    JUS.: 


30.55  35  96.0 

55  105.0 
55  93.0 
35  93.0 
35   94.5 

35  96-5 

21.72  55  93.0 


Room 

Kxhaust 

Gas  at 
Meter, 
In.  Mer. 

■^  re 

be 

c 

re  ™ 

1^ 

X 

Tank  #4  - 

Tare 

557 

84 

75 

8. S3 


Tank  #4  Final  1589 

xlo. lbs. water  used 
1022 


84 
84 


75 
75 


84  75 

84  75 

84  75 

84  75 


verages: 


1119 


8.83   35   96 


1022   84   75  29.77 


M .  F .  lawr eno  e ,  7/ .  0 .  Dunn 


-Observer, 
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Mechanical  Engineering  Laboratory 

ARMOUR  INSTITUTE  OF  TECHNOLOGY 


Test  of Rutenber   Automobilgas  Engine 

Kind  of  Fuel (iaaQllllft.^ 


Date- 


Jacket  water 


NO.  OP  RUN  ^^    ^^^     ^_ 

Duration  of  test, 

Gas  consumed, 

Air  consumed, 

♦Calorific  value  of  gas,  total. 

Calorific  value  of  gas,  effective. 

Jacket  water  supplied, 

*Gas  per  hour, 

*Air  per  liour. 

Jacket  water  per  hour, 

Gas  at  meter. 

Barometer, 

Gas  at  engine, 

Inlet 
^  Outlet, 

Gas  at  meter. 

Air  in  room, 

Revolutions  per  minute. 

Explosions  per  minute. 

Pressure  in  lbs.  per  sq.  in.  above  atmosphere 
(j)     Maximum  pressurf, 
(i)     Pressure  just  before  ignition, 
{c)     Pressure  at  end  of  expansion, 
((^)     Exhaust  pressure. 

Mean  effective  pressure, 

Builders'  rating, 

Actual  indicated  H.  P., 

Actual  brake  H.  P. 

Mechanical  Efficiency 

B.  T.  U.  per  I.  H.  P.  per  hr., 

B.  T.  U.  per  B.  H.  P.  per  hr., 

*Cu.  ft.  gas  per  I.  H.  P., 
S  .*€«:  it.  gas  per  B.  H.  P., 

Heat  equivalent  of  I.  H.  P.,  efficiency      -p     m 

Heat  rejected  in  jacket  water  -b.  -i- 

Heat  rejected  in  exhaust  and  lost  through  radiation 
and  incomplete  combustion,  g     ^ 

Heat  equivalent  of  B.  H.  P.  efficiency 


1 

hours.        50  mlns. 

e«'-f*-ll;  £  . 
.  T.  U.  per  ouJwITdS  .  20  ,200 
T.  U.  per  cu.-ft7     LTD  S.  IS,  700 

lbs.  1022 

c«.-ft.  l''^s-   17.66 


cu.  ft. 

lbs. 

2044 

ins.  mercury. 

ins.  mercury. 

29.15 

ins.  water. 

deg.  F. 

35 

deg.  F. 

96 

deg.  F. 

deg.  F. 

63.5 

rev. 

1119 

2238 

97.70 


lbs.  per  sq.  in. 

H.  P. 

S5t40 

H.  P. 

H.  p. 

29.77 

■  U  ,  &per  cent. 

]]     ^     per  cent, 
per  cent. 


11,100 


.5940 

37,800 
62|4C0 

65,000 

2E.89  ^l 


3-37-lgT- 


37, 
39, 


4lfo 


*.\11  gas  volumes  reduced  to  62°  F.  and  30  inches  mercury. 


Observer 


I.i .  ? .  Lav/1'  e  nc  e  ,   Y/ .  0 .  2iinn 
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Unfortunately  the  plates  upon  which 
the  cards  for  this  run  were  taken,  \"3Tq   des- 
troyed.   The  water  in  which  the  plates  were 
washed  occasionally  ran  hot.   This  was  not 
discovered  until  after  the  plates  were  des- 
tro3red.    The  water  ?;ould  run  perfectly  cold 
for  three  or  four  hours  at  a  time  and  then 
suddenly  turn  hot  for  a  few  minutes.   The 
plates  for  run  numhar  six  happened  to  be  in 
the  wash  during  one  of  these  spells.   IThen  th 
the  plates  were  taken  out  the  water  had  turned 
cold  again  and  the  cause  of  the  loss  of  the 
plates  was  mystifying  until,  upoii  letting  the 
water  run  some  hours  longer,  it  turned  warm 
again  and  v.e  discovered  the  fact. 
The  Test  Discussed. 

The  fuel  consumption  dropped  markedly 
in  Test  ITumhar  Six,  falling  to  .5940  Ihs.  per 
JB.H.U.  per  hr.  ,  a  difference  of  .0485  lbs.  per 
B.H.P.  per  hr.   3xpressed  in  heat  units,  ITum- 
her  Six  gasoline  consumption  rate  is  11,100  B. 
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B.T.U.  per  B.H.P.  per  hr.  and  that  of  Test  Num- 
bor  Five  is  IS, 000  B.T.U.  par  B.H.P.  par  hr. ,  a 
difference  of  900  B.T.U.  per  B.H.P.  per  hr.  or 
7.50f;).   This  is  a  ranarkably  good  economy  and 
is  nearly  as  low  a  consumption  rate  as  our  tests 
sh"owe"a; . 

A  slightly  higher  temperature  of  out- 
let oooling  v/ater  was  maintained  in  this  test; 
this  temperature  was  960  F,  as  a  average,  against 
Sl°  F  in  Test  IT  umber  Five,    The  heat  given 
up  to  the  cooling  water  in  Test  ilumhar  Six  was 
37,705o  against  39.05^  in  Test  IJumbcr  Five,  a  dif- 
ference of  1.3^3.    The  percentage  of  heat  lost 
in  radiation  exhaust,  etc.,  in  Mumber  Six  was 
39Alfj,   in  ITumber  Five,  S9.8fo,  practically  the 
same. 

As  would  be  expected  from  the  drop^il 
in  the  fuel  consumption,  an  increase  in  thermal 
efficiency  took  place.    This  value  was  22,89^ 
in  Test  iTumber  Six,  compared  with  Bl.ZCffo   in 
Test  iTumber  Five,  an  increase  of  1.69/^  which 


is  of  Gonsideratle  importance  T^hen  the  high 
value   of  the   efficiency  is   considered.      v;ith 
the   assumed  values  of  raechenieal   efficiency  and 
ideal  thermal   efflcienes'  as   in  Test  ITumbor  One, 
this  gives  an  efficiency  ratio   of  64.5'^^  which 
is   eareeadingly  good.        This   value,    as   stated 
before,   however,    cannot  be  relied  upon,    since 
based  on  assiunptions. 
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Test  iluinliDr  Saven. 
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Test  IIum"b3r  Seven  represents  the 
seventh  point  on  ths  horse-pov;er  curve.   The 
net  bralva  load  was  85  lbs.,  corresponding  to 
94  llDS.  gross.   In  order  to  keep  the  engine 
as  cool  as  possible  ^3   lowered  the  outlet 
cooling  water  temperature  to  87.4°  F,  average. 

The  speed  was  held  near  1150  R.P.M. , 
the  avera.^e  for  tha  run  oaing  1160  R,P.I.I.   On 
account  of  excessive  heating  of  the  cranlc  case 
and  of  the  other  parts  of  the  engine  not  cooled 
by  the  water  jackets  we  shortened  the  length 
of  the  run  to  a  quarter  of  an  hour. 

The  weather  conditions  were  those  s 

stated  in  T^st  ilunbsr  Six. 

Calculations  of  Test  Number  Seven. 

(Refer  log  Sheets,  Pagas86  and  87) 

Horse  Power; 

S.H.P.-  2  IT  r  n  w 
33000 

r  s  brake  arm  =1.864  ft. 

n  -R.P.i:,  =1160 

Xi    =  let  brake  load  -85  lbs, 

B.H.P.  ,  2  X  5.1416  z  1.864  z   1160  x   85    =   __ 

33000         ""  35.00 
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Gasoline  Consumption; 

Its.  par  H.H.P.  per  hr  »  5,19  x   60    =   593 

S5.0  X  15 

Heat  Consumption; 

B.T.U.per  B.H.P.  per  hr.  r .593  x  18700 
equals  11,080  B.T.U.  per  B.H.P.  per  hr. 
Total  B.T.U.  used; 

5.19  X  18700   =  97000  B.T.U. 
B.T.U;   given  up  to  cooling; 

617  (87.4  -  54.4)  =   SS700  B.T.U. 

Percent  of  Total  B.T.U.  to  Cooling; 

__S2700_ « .337  or  33.7^ 
97000 

Heat  3quivalent  of  B.H.P. ; 

35.0  X  42. 4£  x  15  =   22270  B.T.U. 
Heat  Lost  to  Radiation,  Exhaust,  etc.; 

97000  -  (22270-1-  32700)  =  42030  B.T.U. 
Percent  of  Total  Heat  to  Bediation,  Exhause  etc.; 

42050      .4338  of  43.38<J 

97000  " 
Termal  Efficiency;   22270   -  22.92^^ 

97000 
Thaoratical  Thermal  Efficiency; 

(See  test  ITurnb:;r  One,  page.  g^7  ) 

E   =    .4445  or  44.45^ 
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Test  of 

Type  

Si/e 

Fuel   Used_ 
LOG    OF 


— 4~gyl-indar  -   4  o:-ole 


Grasoline 


Brake  Si-fcwnakwBce,  f^     S.rrfl    1     864    ft 

Dead    Weight  of  Arm,  lbs 

On   Scales,   lbs 2 

Total,  lbs 9 


test; 


Eo.    7 


-^a,45- 


,Uate_ 


5-27-13. 


5:21 

5:23 
5:25 
S?27 
5:29 
3:31 
3:S3 
5:36 


1/;  a  Z  M 

z  f-  c  H 

Sz  gz 

E   «  >  X 

X  w  a  u 


TEMPERATURE— DEGREES  F        Pressure 


M„   ^         „ 


Ji'  ^,?:      C  2 


&^ 


OS. 


1250 
1186 
1154 
1137 
1177 
1123 
1120 
1118 


34.84  35.0  88   Tank 

35.0  88 

54.0  88 

54.0  87 

34.5  87 

34.5  87 

34.0  87 

£9.6554.0  67 


Tare  - 


a         4^  u 

■          -^  re 

Scale 
Reading 

Brake 
Load, No 

= 

~ 

-    566 

94  85 
94  85 
94  85 
94  85 

Tank  f4  Final     i_]_q3 


94  85 
94  85 
94  85 

94  85 


Sfo.  lbs.  Gasoline  used 
5.19 


ITo.lbs.i?vater   Jised  617 


Averages:      1160  5.19   34.4  87.4 


617    94  85        35.00 


M.  F.  lav/r ence ,   ',7 .  0 .  Dunn 


-Observer. 
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Test  of Rutenbor  Automobile  Q«^  Engine 

Kind  of  Fuel   ^^asollne 


Date         5-27^1^ 


No.  OF  Run 


Rim  No.    7 


Jacket  water  ■ 


Duration  of  test, 

Gas  consumed, 

Air  consumed, 

♦Calorific  value  of  gas,  total, 

Calorific  value  of  gas,  effective. 

Jacket  water  supplied, 

*Gas  per  hour, 

*Air  per  hour. 

Jacket  water  per  hour, 

Gas  at  meter. 

Barometer, 

Gas  at  engine, 

(  Inlet 

I  Outlet, 
Gas  at  meter. 
Air  in  room, 
Revolutions  per  minute. 
Explosions  per  minute, 
Pressure  in  lbs.  per  sq.  in.  above  atmosphere 

(a)  Maximum  pressure, 

(b)  Pressure  just  before  ignition, 

(c)  Pressure  at  end  of  expansion, 
{d)    Exhaust  pressure, 

Mean  effective  pressure. 

Builders'  rating. 

Actual  indicated  H.  P., 

Actual  brake  H.  P. 

Mechanical  Efficiency 

B.  T.  U.  per  I.  H.  P.  per  hr., 

B.  T.  U.  per  B.  H.  P.  per  hr., 

*Cu.  ft.  gas  per  I.  H.  P., 

*Cn.-fr  gas  per  B.  H.  P., 

Heat  equivalent  of  I.  H.  P.,  efficiency 

Heat  rejected  in  jacket  water 


hours.     15  mins.  I 
cy?a.bs.    5.19 

cu.  ft. 
B.  T.U.percurft.    lb.      20,200 
B.  T.  U.  pereorft.    lb.     18,700 


lbs. 
cu.  ft. 

617 
20.76 

cu.  ft. 
lbs. 

£468 

ins.  mercury. 

ins.  mercury. 

29.15 

ins.  water. 

deg.  F. 

34.4 

deg.  F. 

87.4 

deg.  F. 

deg.  F. 

rev. 

63.5 
1160 

2320 

261.9 

97.7 

27.2 

5.9 

lbs.  per  sq.  in. 

H.  P. 

55   -    40 

H.  P. 

H.  P. 

35 

Uote:  These  pressures 
are  relatively/  correct 
according  to  indicator 
cards.  They  should  be 
trusted  no  farther. 


B.T.U.&percent. 
B.  T.U,  (Sper  cent. 


Heat  rejected  in  exhaust  and  lost  through  radiatioic     fp     TT     ^z- 
and  incomplete  combustion,  JJ  .  X  «  U  .  -c 

Heat  equivalent  of  B.  H.  P.  efficiency 


per  cent. 


11,080 


.  593 

22,270 
32,700 
42,030 

22.92  ^^ 


22.92;^ 
oZ.lOfo 
43.38^ 


♦All  gas  volumes  reduced  to  62°  F.  and  30  inches  mercury. 


M.F.Lawrence  W.C.Dunn 


Observer 
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The   Test  Discussed. 

The  gasoline  consumption  of  Test  Hum- 
ber  Seven  is  very  slightly  lov/er  than  that   of 
Test  Uumher  Six,    .595  lbs.      per  B.H.P.    per  hr. 
as   compared  T;ith   .544  lbs  par  B.H.P.   par  hr. 
in  Test   Nurcb?r   Six.      Expressed   in  heat   n.nite 
per  B.H.P.    "ner  hr.      these  are   respectively, 
11,080  B.T.U.    per  B.H.P,   -ner  hr.    and  11100 
B.T.U.    per  B.H.P.    per  hr,    a   decrease   of  EO 
B.T.U.    per  B.H.P.    per  hr.,    or   .18%,      Evi- 
dently the   engine     Is  running  at   about   its 
best  econoiay. 

The  outlet   cooling  v/ater  temperature 
for  this  run  was  lowered  to  87.4°F     as   compared 
with  96°  F   of  Test  ITumbar  Six.        The  heat   given 
up  to   cooling  water  in  this   run  was  53.75^  against 
37. 7^5  in  Test   ITuraber  Six,    a   decr-ese   of  4.0^, 
The  percentage   of  heat   lost   in  radiation,    ex- 
haust,   etc.,    in  Test  ITumbsr  Seven  was  43.38^' 
that    in  Test   llumbsr  Six,    39. 41^2,    an  increase 
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of  3.97^. 

The  tfearmal  efficiency  in  this  test 
was  raised  to  £2.92f'  as  compared  7;ith  ££.89'-'? 
in  Test  Number  Six,  an  increase  of  O.OZfo.      As 
this  increase  is  very  slight,  the  thermal  ef- 
ficency  ratio,  based  as  inthe  previous  tests 
is  practically  the  same. 

The  Cards  Discussed. 

Cards  !*l-8  and  3-9  were  taken  on 
this  run  and  they  are,  all  things  considered, 
the  best  cards  obtained  from  the  en.'Tine,  They 
are  practically  identicial  in  shape,  showing 
even  running  of  the  engine  at  its  most  satis- 
factory load  mnder  the  existing  conditions.  A 
sharp  high  burning  peak,  followed  by  an  even 
expansion  line,  a  fairly  lor?  back  pressure 
line,  and  a  smooth  compression  line,  together 
with  a  v/ell-defined  ignition  point  are  char- 
acteristic of  both  cards.  .  If  any  discrim- 
ination is  to  be  shown,  card  3-8  is  a  little 
better  than  3-9,  having  a  little  better  com- 
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pression  line.  This  card,  taken  as  the  aver- 
age for  this  load,  v/as  sealed  for  the  relative 
pressures  tabulated  upon  it. 
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Tast  Imn'bsr  Sight. 
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Test  Uiimber  Sight  represents  the 
eighth  point  on  tha  horse-power  curve.   It 
vras  run  vdth  a  net  brake  load  of  90  Ihs., 
gross  99  lbs.,  being  the  highest  load  the 
engine  would  pull  at  this  spaed.   The  cool- 
ing water  temperature  was  allowed  to  rise  to 
99.9°  F  as  we  intended  taking  only  a  very  short 
run. 

The  speed  was  held  near  1100  R.P.M. , 
1106.33  K.P.M,  being  the  average  for  the  test. 
Conditions  in  the  labratory  made  it  advisable 
to  keep  the  speed  of  the  engine  under  1200  R.P.i;. 
and  in  this  run  we  were  obtc-ining  the  highest 
horse-power  the  engine  would  develop  at  this 
speed.   The  run  was  limited  to  5  minutes  on 
account  of  the  difficulty  of  keeping  the  engine 
at  constant  speed  with  the  heavy  load. 

The  wsather  conditions  were  those  g 
given  in  Test  Humber  Six. 

Calculations  of  Test  lumber  Light. 

(Refer  Log  Sheets,  -cages  ?6anQ97) 


T  t 
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Horse  Power;  B.H.P.  _  2  ir  r  n  w 

33000 

r  =  "brake   arm  «  1.864   ft. 

n  ^   R.P.M.=  1106.33 

w  =.  ilet  brake  load  s^90  lbs. 

B.H.r.gg  X  5.1416   X  1.864   x  1106.33  x  90  „f-    „.. 

3SC00     ^  "  ■  '       """  =      ^o..5U 

Gasoline  Consuinption;  ^ 

lbs.  per  B.S.P.  per  hr.  2.30 /x  60 

35.3  X  5.5   ■   -^11 
Heat  Consumption; 

B.T.TJ.  per  B.H.P.  per  hr^Vll  x   18700*13300 

B.T.U.  -ler  B.H.P.  per  tir. 
Total  B.T.U.  us8d.=  2.30  x   187^^0^43000  B.T.U. 
B.T.U.  given  up  to  Cooling;   224  (99.9  -  35  )= 14540  B.T.U, 
Percent  of  Total  B.T.U.  to  *^ooling; 

||§|§  =   .3480  or  34.80^.-  • 

Heat  Equivalent   of  B.H.P. 

35.3  X  42.42  x  5.5^^8,230  B.T.U. 
Heat   Lost   to   P.adiation,   Bxhause,    ete.p 

43000   -    f 8230 i 14540} * £0230  B.T.U. 
Percent   of  Total  Hsat  to  Haciiation,   iixhsust,    etc.; 
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|§|§^   =      .4604  or  46.045^ 
Thermal  Efficiency; 

M|g-     =    .1916   or  19.16^ 

43000 

Theoretical  Thermal  Efficiency; 

(See   Test  iluraber  One,   page  2.7) 
S  equals    .4445   or  44.45^ 
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le_Gas  Engine 


Fuel  Used 

LOG     OF 


Grasoline 


test:  II0.8 


9:49 
9:52 


2S      5S 


1119 
109S 

?:54  1108 

9:54-30  1098 

No.    ITds.    Gasoline 


Barometer 


.S9nri^ 


Brake  Girciimf&retifte,  ft.   ayjfl ]_'    g54 ^% 

Dead    Weight   of  Arm,  lbs 

On  Scales,   lbs g 

Total,  lbs ? 

Uate_ 


5/27/12. 


TEMPERATURE— DEGREES  F        Pressure 


26.75   35   98 
35  101 
35   100 

24,45  35  100 


Weights 

Horse 

Pow'r 

^ 

oc 

c 

Z 

OT3 

_a-o 

f^ 

(/:&; 

s; 

— • 

2.30 


Tank  #4  Tare   560  99  90 

99  90 

99  90 

Tank  #4  Final  784  99  90 
lo.    lbs.   water  used  224 


Averages 


1106.33      2.30  35  99.9 


224   99      90)      35.3 


M.F.Lawrence,   W.C.Dunn 


-Observer, 
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Test  Of Ruten^er  Automobllgjas  Engine 

Kind  of  Fuel   Gasollne 


Date- 


5-a7-.ig. 


Jacket  water  ■ 


No.  OF  Run  T^  -m-  « 

Run  Ho.    8- 

Duration  of  test, 

Gas  consumed, 

Air  consumed, 

♦Calorific  value  of  gas,  total. 

Calorific  value  of  gas,  effective. 

Jacket  water  supplied, 

*Gas  per  hour, 

*Air  per  hour. 

Jacket  water  per  hour, 

Gas  at  meter. 

Barometer, 

Gas  at  engine, 

(  Inlet 
■] 
(  Outlet, 

Gas  at  meter. 

Air  in  room. 

Revolutions  per  minute, 

Explosions  per  minute. 

Pressure  in  lbs.  per  sq.  in.  above  atmosphere 
(a)     Maximum  pressure, 
(i^)     Pressure  just  before  ignition, 
(c)     Pressure  at  end  of  expansion, 
(ii)    Exhaust  pressure. 

Mean  effective  pressure, 

Builders'  rating. 

Actual  indicated  H.  P., 

Actual  brake  H.  P. 

Mechanical  Efficiency 

B.  T.  U.  per  I.  H.  P.  per  hr., 

B.  T.  U.  per  B.  H.  P.  per  hr., 

*Cu.  ft.  gas  per  I.  H.  P., 
g*€Tr.-ft7gas  per  B.  H.  P., 

Heat  equivalent  of  I.  H.  P.,  efficiency 

Heat  rejected  in  jacket  water 


5-i-  mins. 

ciffhlbs.    2.3      j 

cu.  ft. 

B.  T.U.perrirft.    IbS.  20,200 
B.T.  U.  percu7ft.~l'bS.18,700 


lbs. 

^cu.  ft. 

cu.  ft. 

lbs. 

224 
25.1 

E460 

ins.  mercury. 

ins.  mercury. 

29.15 

ins.  water. 

deg.  F. 
deg.  F. 

35.0 
99.9 

deg.  F. 

deg.  F. 
rev. 

63.5 
1106.33 
2212.66 

lbs.  per  sq.  in, 
H.  P. 

»6   -    40 

H.  P. 

H.  P. 

35.30 

13,300 


.711 

8230 


Heat  rejected  in  exhaust  and  lost  through  radiatii 
and  incomplete  combustion. 

Heat  equivalent  of  B.  H.  P.  efficiency 


13  ,  X  ,  U  »per  cent. 
-•^•-•percent.       14,540 

E.T.U.  20,230 

per  cent. 
percent.  19.15 


♦All  gas  volumes  reduced  to  62°  F.  and  30  inches  mercury. 


Observer 


19.16^ 
34.805^ 
46 .  045-^ 


i'.Iawrence,    V/.C.Durm 
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Owing  to  fhe  feet  that  difficulties  of  o 
operation  demanded  our  continual  attention  to 
the  load  and  engine^  and  since  the  conditions 
of  this  test  were  so  nearly  like  those  in  Test 
number  Seven,  we  did  not  attempt  to  take  cards 
at  this  load.   Cards  3-8  and  3-9  in  ell  pro- 
bability will  sho\v  very  nearly  the  conditions 
of  this  run. 

The  Test  DiscusBed 

Owing  to  the  fact  that  we  were  trying 
to  get  the  highest  load  at  this  speed,  we  in- 
creased the  gasoline  consumption  to  .711  lbs. 
per  B.H.P.   per  hr,  and  therefore  the  test  as 
far  as  economy  is  concerned  is  hot  very  valu- 
able.   The  shortness  of  the  test  also  makes 
its  accuracy,  as  far  as  average  gasoline  con- 
sumption rate  is  concerned,  toubtful.   Expressed 
in  3.T.U.  per  B.E.P.  per  hour,  this  fuel  con- 
sumption rate  is  15,300  B.T.U.  per  B.H.P.  per 
hr.  against  11080  B.T.U.  per  3,11.?.  per  hr.  for 
Test  IT  umber  Seven,  the  most  efficient  run.   This 
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is  en  increase  of  ££20  B.T.U.  per  E.H.P.  par 
hr.  ,  or  16. 7f;,   The  outlet  cooling  water  tem- 
perature v.es  99.9^TP   against  87.4°  F  of  Test 
llum'ber  Sevan.    The  percentage  of  heat  given 
up  to  cooling  water  is  34. 8f'  compared  v;itli 
SS.7/C  for  Test  ITumbor  Seven.   This  represents 
an  increase  of  l.lf;.   The  presentage  of  heat 
given  up  to  radiation,  exhaust  end.   etc.,  is 
46.045^  against  42.38^  fro  llumber  Seven.   This 
is  &n  increase  of  2,665^. 

The  thermal  efficiency  ir.  Test  ITuraber 
Sight  is  I9.165i,  that  of  Test  ITumher  Seven  is 
£2.9E5b,  representing  a  drop  in  efficiency  of 
5.76^. 
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■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■« 
■■■■■■■■■■■■■■■■■■■ ■■■■■ 
■!«■■■■■■■■■■■■■■!■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■a 
■■■■■■■■■■■■■■■■■■■■■Mna 


■■■■■■■■■a  Baaaaaaaal aagaa 
laaaaaaaaa  aaiiaaBBaa  aaaai 
iSBBaBaaaaaaaaaaBaBBaaaaa 

(■■■■aaaBBaaaaaaBBaaaaga 
BaaaaBBBaaaBaaBBaBBBBaa 
aaaaaaBaaaBaaBBiBiBBBBBBB 

SI  aaBBBBBBBaaaBBBBBflBBnB 
I  BBaaBBaaaaaBBiiBBBBBBBB 
aBBBaBBBBBBBaBBBBaaaaaBn 
laaBBBBBBaaBBBaaaBBBBBaaB 
iBBBBaBaaBaaaaaBBBBBaBHB 
laaaaaaaBBBBBBBBaBlBBBBm 
BBBBBBBBBB ■■■BBBaBaBBaaaa 
aaaBBaaBBBaaBaaaBBBBBBBaB 


,^aniB  BBBi 

S'*'"'^ShS&di — 

!BBiBiBBa8BBBBBSB8BBB88B8_mi 
laaBBBBBBBaBiiiBiBBBBBniagin 


■BBiiBaaBaBaBBBBiiiBBaaaBaaaaB 

igas88aa8aaB8S8B8saB 
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Discussion  of  CnrYes, 

The  horse  por.'sr  enrve  sho^vs  s  graduel- 
lyrising  line,  not  quite  a  straight  line,  up 
to  the  highest  speed  where  as  it  is  still  in- 
clined upv«ard,  it  is  seen  that  this  speed  is 
not  yet  near  the  critical  speed  where  the  horse 
pov/er  curve  changes  direction.    The  conditions 
v;hich  have  previously  been  mentioned  stopped 
our  curves,  it  seems,  just  e  little  "before  the 
critical  point  was  reached.    This  is  prohably 
close  around  1600  E.P.M.  or  1700  E.P.Iv:. 

The  brake  load  curve  is  nearly  a 
straight  line,  end  toward  the  top  shows  signs 
of  changing  curvature.    This  v?ould  indicate 
that  the  curve  changes  earlier  than  the  brake 
load  curve  does.   Hov;ever,  this  curve  is  limeted 
as  v;ere  the  others  and  one  can  only  guess  by 
indications  T;vhat  they  v;ould  have  been  if  carried 
farther. 

The  gasoline  consumption  rate  curve 
is  the  best  curve  of  the  three,  its  dovmward 
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sj.ent   and  gradiielly  eur\'ing  spproach  to  the 
end,    showing  that  the  lowest  point  has  t-een 
reached  and    from  here   on  the    curve  v-ould  begin 
to   rise. 
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